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LBSRAC 
Data frou the Continuous Plankton Recorder survey of the florth 
t].antic and adjacent seas, for the period 1948-1968, are used to 
provide evidence for sub-specific populations of the two oulanoid 
copepods 	troosticus (r4yer)  and Toocra lonçpris (O.F. 
1ior). For 	 four populations were identified and 
population morhotypos were established using discriminant function 
analysis on thta collected from a biotric 	rintion of apons. 
2ho seasonal fluctuations of the four oopulationc are described and 
areas of intermixing identified. A particularly parked eo;rphical 
variation in the crela of the pale fifth liab was examined throughout 
the survey area and in the floditerranean. The possible sigflificance 
of this and other variations in the rerocuctivc structures in the 
rnaintenance of sub-specific population identity is dscuLsed. In 
order to rako a full interpretation a detailed exah\ination t'ae made of 
the spermatophore production, transfer and attachment and the functional 
einifioanco of the 1i,hly modified reproductive appondaes of five 
species of the Centropaidao (_txjcuo, . its, C. W.orchiqe l, 
., 
 braclAutus and C. furcaths). A variety of techniQues uero u sed 
in doscribinG the micromorpholoy of associated structures, including 
scanning electron microscopy. For ', ~ . lon),-icoryiis three populations 
wore identified and population uorLotypes ucro ostabliched using 
discriminant function analysis. Several iaprovcments in the methodolo gy 
of soloctin characters nd raffi ,ing the biur'tric a.uta ucrc idued 
as a rsiilt of t study of C, tyJ,cyc l  ad these coroidorably icrn'ovod 
to discrititione by ect ii 	; tka vlativo contri tions of 
the otnaa thirt'ive caracters ion frorn a tide ranc' of 
it tue poosiblo to accoplieh a successful discrimination by cioosin 
the / 
3. 
th to i to Si lotliax,, tho highest contribution. Tio rthcl 
o' iieriLat nyiQ aEo mod and ccupwed ii both studies. 
i co1vciioK 9  tho iportirco Of the  POPUlatiOa us the boc 
unit in ceoloricul iflvGtiQtiOAS jo opeco0 Puturo studioo 
Of coallrmaitioo wuot Civo poni1c ce tkworafoTe, to tkio i.ticO1 
of OUCh populations p 	cukr1y uhoe ditb ion and heluviour 
aro to bs 	utod to Giviro 	ituL c0i&LtiO1fl. 
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GENERAL - WROIDUCTIO111  
In recent years studies of organisms and their inter-
relationships, mutually and with the environment, have moved towards 
the study of populations and communities. One of the earliest 
orkoro to break away from the type concept and the study of individual 
organisms introducing biometric evidence for local geographic popu-
:'.ations within the genus, was Crampton (1916) with his work on Partula.  
It was recognisod at about this time that the environment played a 
part in influencing the variation within species and within local 
populations. By far the greater number of studies on populations 
and population dynamics have been made on terrestrial organisms where 
the population limits are easily ascertained and the barriers scparatin 
them are often physical so that isolating mechanisms may be relatively 
easily understood. tlith the exception of the littoral and bonthic 
groups the same studios zioro not possible with marine organisms until 
the advent of to Continuous Plankton Recorder (Hardy, 1936). Trior 
to this survey, sampling of thc marine plankton was confined to 
transccto from small ships close to the shore or from intermittent 
cruises of deep-ocean research vese1s. In the sea the barriers which 
influence community and population structure in the plankton are neither 
obvious nor easily understood and the shcer size of the environment 
makes extencivo and complete coverage difficult. The Continuous 
Plankton Recorder Survey alleviates those difficulties in that the 
limits of the distribution of the various aeabcr socicc of the pitiniton 
cam be determined. One of. ths principal aims of the survey has been 
to worstand fluctuations in abundance of the various species and 
to identify, the causQ's. Jt 	#VPrativp in studies of this kind 
that the  number and identity of Al subspcciflc populations should be 
known/ 
1. 
lnoun in order to rationalise the variations in abundance and 
general behaviour. It is possible that different subspecific 
populations can be members of different communities in the plankton 
and that they can be identified as members of these communities by 
the conformity of their behaviour to a known pattern. This situ- 
tion was made clear by Colebrook (1964) who demonstrated that 
cartic1j. from the eastern Atlantic and from the Korth Sea 
belonged respectively to the oceanic and neritic communities whose 
composition and patterns of variation in abundance and distribution 
were very different. 
The criteria for selecting particular plankters for study wore 
Wit they u1iould have a reasonably wide distribution, be abundant in 
the survey area and be amenable to microscopic dincection. The 
copepods Ctrs_IyD_icus and Tpjpa lonpicornis wore chosen 
although it is undoubtedly true that any marine organism of reasonably 
wide distribution would exhibit some subopecific population structure. 
The objectives of the study were, a) to identify subspecific popu-
lations using distributional and behavioural data, b) to establish 
biometrically the morphological characters by which members of sub 
specific populations could be charactorisod and identified and c) to 
establish, as far as possible, tho functional significance of the 
morphological variations. 
The importance of numerical methods for evaluating taxonomic 
relationships have boon pointed out by Oki and natn  
The aim of the present work, however, has not been to øotablish 
the tamonomic status of the mcere of the subopecifis populations 
ilttuh 	met 
 
in 	op th emeni'h1e in1:rprtaion of ch 
groupings. The torn "population" is ioro used to describe an 
independent / 
2. 
independent group of interbreeding organisms and is equivalent to 
:iarr s (1957) definition of "group" which is, "a fraction of a 
population with distinctive characteristics". Hany authors, e.go 
ai1a and Plovers (1969), u.e the term "population" to cover the 
range of the species and this is clearly distinct from the present 
usage. Tho examination of the identity, structure and distribution 
cf the oubepecific populations of Centropaes typicus and Temox 
3,onr4aorni forms Part I of the thesis. 
In attempting to interpret the functional significance of certain 
characters occurring on the highly specialised reproductive stuctures 
of Centropaaeg typicus it was found that little was known of the 
iaethod of reproduction. The CUCCOSS of reproduction is fundamental 
to the survival of the species and whore the method and the structures 
involved era complex aicromorphological variation takes on a new 
ignificanco. Th methods of production and transfer of the sperma-
tophore and its attachment to the female were ellucidatod for five 
members of the genus Centro]&p—ps including C. typicus, C. hamatus, 
C. chiercliiae , C. brachiatus and C. furcatus. The discussion of 
this procoss and the inferences to be drawn as to its significance 
with respect to the maintenance of eubspooific population identity 
are presented in Part II of the thesis. 
HISTORICAL 
Centr Mi~ e t  
The enuc Cc.tr 	u 	 rt uescriDoø. by Kiyer (1849) and 
was later shown by Doock (1695) to be synonyrious wit the S cUus 
jghjhyg 	oscribsd oarlier'by Lilljoborc (1843). Doeck also 
rsyed tst tbp s peci nn concerned in this work, Contro_peo picus  
was synonymous with Ichthrohorb 	ticornis as described by 
Claus / 
3. 
c:Lauo (1863). The genus is world—wide in Its distribution with 
species represented in tropical, subtropical and temperate 
communities. The majority are neritic, but C. typicus is distri-
buted across the universally, accepted, though arbitrary, boundary 
line between noritie and oceanic areas (the 100 fathon line) and 
is classified as southerti intermediate by-Colebrook ot.al . (1961)* 
That is to say C. typicus is internodiato between a true noritie 
oopopod and a true oceanic copopod and that it tends to occur in 
the southern regions of the survey area. 
The taxonomic status of the genus was examined by Vorwoort 
1964) and found to be in need of revision, He divided the genus 
into four groups based on common morphological features though no 
taxonomic nomenclature was applied. In his paper Vorwoort called 
for a thorough revision of the genus but up to the present time 
(1971) none has been undertaken.. 
Publications devoted exclusively to the genus 	ropaes are 
few and the accounts of different species are usually confined to 
short paragrapjis in oxpsditicn and cruise records thero occurrence, 
frequency and size rangos are all that are given; e.g. Cannicci 
(1961), Raymont (1963), Drodeky (1950) Furnestin(1966), (1963), 
Paiva (1963), Do Dekker (1962), Shen and Thai (1956), Ganapati and 
ShanthakuLari (1961) and many others. 
Recently Lawson and Grico (1970) reviewed the general biology 
of C, typioun in which all the naupliar and copopoditc ataeo were 
described in detail. 	Of Lore direct concern hero are the papers 
of i)oovoy (195) oratup00t01Op0UlOU (1969) and Vianello (1968) 
which deal with various bioatri@ stuftofl of 0pu1ati0ni0 of 




The genus Teiuora was first described as 	lope longicornis by 
MUller (1792). Boeck (1864) states that this is synonymous with 
Temora finmarchica of Baird (1850) but not with ?4onoculus finmprchicus 
of Gunner (1765). It is also synonymous with Dia'ptomus lonicaudatua 
described by Lubbock (1857). 
As with C. typicus the descriptions and records of T. longicornis 
are confined to the accounts of expeditions and cruises. One paper 
devoted exclusively to T. 1on.ricorn (Corkett, 1967) describes the 
copepod.ite stages in detail. The nauplitr stages are described by 
Oberg (1896). As far as can be established there is no published 
work relating to the biometry or population structure of T. lpngicornis. 
TAXONOMY AND GENERAL MORPhOLOGY. 
Both Centropages tpicus and Tempra 1on.cornis are members of 
the Order Copepoda within the Class Crustacea. In the suborder 
Calanoida they belong to a group known as the Heterarthrandria whose 
members are distinguished by a geniculate first antenna in the male and 
by a modified fifth swimming limb in both sexes. The basic classifi-
cation of the copepoda was formalised by Giesbrecht (1893) and to 
the present, day much of his terminology remains unaltered. 
The calanoid copepods are all free-living, almost always 
planktonic and generally marine. They are characterised by a body 
which is clearly divided into two parts, an oval cephalothorax or 
motasome and a narrow cylindrical abdomen or urosome; in the other 
free-living, copepods the division occurs one segment jorward, so that 
the last thoracic segment is incorporated, in the urosome. The 
anterior part of the body of the calanoids consists of the 
cephalosome / 
5. 
cephalocomo, ido up of the head and the f. ret thorecic oogiont p .and 
the otaeoao rdo up of the second to sjtth thoracic oognonte. The 
urocomo oioite of the five abdominal seionts and a pair of poet- 
al rati known cølloctivoly as the caudal furc. Some fusion of 
reents is oncra1 within the sub-order but in both Cpnt , 	and 
or this is conf'iiod to the first 2 - 3 ocgnonts of the urosomo in 
the female. In the case of CgntmapAes, evidence is presented in 
Part II of the thesis uhich suggests that the accepted composition 
of the firt tuo SOEOcnts of the urocoine may be in error. There are 
five pairs of apcndaOs on the head, namely the first anc second 
ntennae, the mandibles and the first and second maillae. The 
last pair of mouth parts, the maxiflipeds, are found on the first 
thoracic semont and a pair of stiinming limbs on each of the other 
five thoracic semsntQ. Tile lust of these is highly modified in 
both the nalo and female of both the socies under consideration. 
The structure and biometry of the appondaoS play a prouinont part in 
the taxonomy of tho calunoida. There are no uppondacs on the urosome. 
LJ COIOUS PL10N RBICOEVII SUVTY 
The problem examined in this thesis was undertaken as an intocral 
part of the research programme conducted uith the Continuous Plankton 
Recorder (the Recorder) at the Oceanographic Laboratories of the 
Institute for Uarino environmental Research in dinburgh. Consequently 
the colloctiofl5 aaie by the flooder arC the basic of the vtitOa. 
The su -vey, and the orii4al intrujentatiOn uao conceived by Th. L.C. 
ir iotor) aiy to facilitate the study c the 	aLten 
	
and its rolatoi to t) 	oicslly i or 	r. ad 
other fisheries in the Port Sea. Follouin soso years of developsat 
the / 
6. 
the survey proper started in 1932 in the southern North Sea and by 
gradual expansion reached its present extent in 1961. 
The Instrument. 
From 1932 up to the present day the Recorder has remained 
virtually unchanged and one of the instruments currently in use is 
shown in Fig. 1. A diagram of the nothod of operation and the 
sampling rachanism is given in Fig. 2. (see also hardy 1936, 1939). 
The Recorder hue an all-up weit of 190 puads and is towod with a 
40 motor long,3 mm diameter steel wire attached to the shock absorber 
y a pair of steel wire strops. A combination of the wei.ht of the 
instrument, the downward force of the depressor and the length of wire 
1etormino the constant sampling depth of 10 meters, providing that 
the speed of the ship romaine between 12 and 17 knots. The various 
horizontal and vertical planes keep the instrument stable in the water 
and the vertical plane has an adjustable rudder which allows lateral 
triioing. 
Tjator enters the Recorder through a j- inch square aperture at 
the front and passes through a water tunnel which widens to 2 x 4 
inches at the filter surface. The increase in cross-section 
effectively reduces the speed of the water trhough the tunnel to 
2 3 knots and consequently stops high-speed impact damage to the 
plankton. The plankton is filtered on a slowly moving band of silk 
which has a mesh size of 29O . As the filtering silk leaves the 
water tunnel a second silk of similar dimensions, is wound throu 0h a 
sot of rollora to cover the captured plankton. The resulting 
dwich' of plankton then passes tLiU the drive rollers which 
grip the edges of the silk, into the storage task uhro it is bathed 
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.g. 2. The Continuous Plankton Recorder: diagram showing 
the working of the instrument. The arrows show the direction 
of water flow through the recorder. A = Filter supply spôbi, 
B = Cover supply spool and C = storage spool. 
in thci base of the storage tank as tho sample is uound oxto a epooi. 
The supply and storao spools can hold up to 17 foot of silk uhich can 
be used to sample continuously for up to 500 nil(. To cake ullouanco 
for tho chariinç diameter of the spools, and the consequent chano of 
pood of rotation, a wire driven fuses (see Fig. 2) is used as a com-
jxnsation mechaniem to reduce the tensions ulitch would othoruiso build 
up in the system. The mcchanion,  is operated, throuh a reduction 
oar-box, by a propellor situated at th rear of the instunent whoro 
it is turned by the passage of uator duri toiing. The rxchaniu .za, 
spools of 3ilk and the contained part of the water tunnel can bc 
rocovod for muintoniaico and loading (PLC;. i). 
The rout inofthervo. 
A particular feature of the survey is that the bulk of sataplinfr  
tkos place from corcLant ships on normal comrorcial business. The 
ecorder is handled by the scientifically unscillcd creus and the 
Institute ouoe a Creat debt to the castere and companies who allow the 
instrument to be used from their ships and to the orcts tzho shoot and 
haul thorn in all treathor conditions. The remainder of the sampling  
is done by Ocean 1'e3thcr Ships of cevcra1 nations as they 	on and 
come off station. At present the survey oporato 3O3 twenty-threo 
rcular routes (Pie. 3)  thich arc sampled, as far as is possible, once 
a month throuChout the year. The current annual swripling civoraos 
126,000 miles and since the survey bean over 2 million miles have 
been h4JlOCI. 
On cop1àtiom of a tots the Rccordor o returned to the lahoto17 
shore to oarcd canpLo ie 	for a3l;oie • Tho raU of oi1L is 




Gb 	 -.. 
Fig.. 3.. Chart of the survey area showing the routes along 
which Continuous Plankton Recorder is towed, 	regular 
and winter routes,.- - - summer only, ...... occasional. Weather 
stations are shown by A - Alpha,. B - Bravo, D - Delta, I - India, 














1 1 1 .30 40 
2 2 2 .48 80 
3 3 3.. .60 120 
4-11 4 6 .90 240 
12 - 25 5 17 1.26 700 
26 - 50 6 35 1.56 1,350 
51 - 125 7 75 1.69 3,000 
126 - 250 	. 8 160 2.20 6,500 
251 - 500 9 310 2-4S 12,500 
501 - 1000 10 640 2.81 25.500 
1001 - 2000 1]. 1300 3.11 52,000 
The first column shows the category limits, the second column givcs 
the category codes entered on the analysis record sheet, the last 
column shows the numbers expected in 3 cu.. in, of water (the volume 
sampled per ton miles), 
9 . 
ton miles of tor. The pitch of the propeller blades and the gearing 
of the mechanism are adjustzd so that, depending on the speed cf the 
ship, each ten-mile block is about 4 in. long. Alternate blocks 
(usually the odd-numbered ones) are distributed randomly among a 
team of analysts who apply a standard routine estimating procedure for 
assessing the numbers of organisms present on each block. 
The filtering silk and covering silk comprising each block are 
separated and laid face-up on the glass plate of a specially designed 
microscope stage (Fig. 4) and are subjected to a three-stage analysis. 
Phytoplankton is counted first by examining ton standard fields across 
'each diagonal of the filtering silk. The second stage doals with what 
are arbitrarily termed small zooplankton species. here, the micro-
scope is tracked stopuiso down one diagonal of the filtering silk and 
up the corresponding diagonal of the, covering silk. Individuals of 
different species are counted and totalled at the end of the analysi. 
which represents 1/40th of the total area. The numbers counted for 
each species are coded in a category system based on a logarithmic 
scale (Table 1.). Finally the whole area of silk is examined with 
the naked eye and the larger zooplankton picked off and identified. 
Individual species counts are again submitted to the category system 
for coding. Each analyst enters his figures on a record chcot uhich 
lists 45 species of phytoplankton and 100 species of ooplankton. 
The route sampling record provides the basic data of the survey and 
it is this which is used to 1,roduco uijs oi' diotribLAiwA wA 
of the various species. 
It is important in av ocnlnlenl .mrswy to ontablish the ].imite 
of the data and it is particularly relevant in this case uhere esti-
mation and codin' play such a large part. 
fhen/ 
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Pig. 4.Analysis microscope showing the specially built 
traversing atae. 
Uhon tardy designed the Recorder lie had in mind the bias 
introduced to cmp1ing by the agZrogation of the rlunkton into 
patches whoso size may vary from a few square centimeters (urny, 
1933) to many square mils (Cushing et. al., 1963). The continuous 
sampling mode smoothes out this effect and the process is continued 
during the initial treatment of the sample. The minimum loth of 
We anlyscd saplc (block) is ton miles and. this is, in effect, 
extracted frou the centre of a twenty mile sample since the five—
mile partblocks either side are not anaiyce'. 
In order to simplify the mapping of the data the survey area is 
divided up into grids of two different sizes. The cmallest grid is  
. 
composed of roctangles of 2 0  of latitude and 1 
0 of longitude and termed 
statistical rectangles (Pig. 5a). 	These form the basic geographic 
area unit of the survey and all records allocated to a statistical 
rectangle are summed vith the mean located at the centre. This intro-
duces a further smoothing and a consequent reduction in sensitivity. 
To investigate variations in timing of seasonal changes and the general 
characteristics of broader geographic areas, such as noritic and oceanic 
areas, a largor grid was introd.ucod. These areas, kno;n as standard 
areas, are groups of statistical rectangles of approximately equivalont 
size (Fig. 5b). They are not a limit to sensitivity. 
Another variable which is usrd extensively in the survey is time. 
Because of the constant cooragc of the survey area events may be 
followed from days up to decades, though in general the results are 
presented as monthly or, annual means. Thus the limits of any study 
using the data in its routinely prepared form are one month in time 
d the contropoint of a ten mile VaDplo in cyoe. It must also be 
roaombored that the Recorder samples a plane at a depth of 10 actors 
and / 
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and that no coaiant can be made about tho movenents and ch&nges in 
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rig, 5a. The rectangles are two degrees of latitude and one 
degree of longitude. 
PART 
XDTIIfIC.ATIOLJ OP IITDBPMMEIN SUBZPECXPXC POPULATIONS OF 
1TEROPAGES TYPICUS £.ND TENORA LONGCORNX 
TRODUQ 
The roconition of indopendont oubepocific populations involvee 
the charactorisation of differences between one or more local popt 
latione and the interpretation of the differences in termo of the 
maintenco of population identity. Tho aims of this section crop 
1) to demonotrato the ezistonco of eubepocific populations of the two 
named species 0 2) to dotezine the seasonsl and annual uluctuationo of 
the idontifiod oubopocific popu1tiono together t.th the oztont of 
their relative sympatry or allopatry 0  3) to establish the morphotypo 
for each population usinç various biometric and statistical techniques. 
Sources of error in studios of this hind are throofold 
i) sampling error thio to the variability of organioso at a given 
locality, 2) measurement and counting errors and 3) orroro arising 
from selecting particular sampling stations to represent areas. 
Organic= in normal populations ohou natural phonetic variance which 
can be measured by conventional iithin2amplO statistical methods. 
The reliability of the sample variability is judged by standard error 
calculations which tako into account the oam,lo oizo0 	'Moro the numbers 
or organisms available for study cvo not a limiting factor, as in this 
case, the problem roducos to one of determining the smallest number of 
organisms by which the total variability can be demonstrated, Errors 
arising from imprecise laboratory technique arc unlikely to be great 
rhon compared with the normal biological variation. In avoiding the 
third typo of error the Recorder Survey is unequalled in marine 
biogeographic / 
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biogeographic work in that the knowledge of distributions is SO 
complete that sampling locations representative of population can be 
selected with confidence. Where populations are sympatric for part 
of thoir annual cycle it is possible also to avoid sampling within the 
population interface and to choose a time when the components are 
inonomorphotypic. 
In analysing zoo—geographic variation, it is essential to choose 
methods which will allow not only the characterisation of population 
members but the allocation of unknown specimens to their correct 
origins with a given probability of success. One of the aims of this 
work, as part of the general laboratory programme, is to provide a 
means by which the fluctuations of eubspecific populations may be 
monitored. To do this it would be most efficient if a single, rela-
tively small sample could be selected from specific localities and the 
individuals allocated by probalistic methods. 
A 
THE STUDY OF DISTRIBUTIONS 
The period covered by the distributional data for both species is 
21 years (1948 - 1968 inclusive). The initial treatment of the data 
was outlined in the General Introduction where it was noted that the 
results of analysis of individual blocks were allocated to specific 
statistical rectangles and that all records for individual species 
occurring within a statistical rectanglc were summed and the moan 
taken by dividing the sum by the nunber of times the rcctungle lad 
been sampled • This is curried out on a monthly basis and the fiures 
are entered on a otandar1 rectangle forr] froLi which data for specificd 
periods of time may be collected. The derivation of the rectanlo 
mean / 
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rican is of particular importance. In calculating the mean a 
logarithmic transformation is applied to the accepted values (Table i) 
of the categories recorded. It is the sum of the transformed values 
that is divided by the number of samples. The mean is taken to one 
place of decimals but the decimal point is omitted so that the result 
is, in affect, y = 10 log ( x + i). 
The logarithmic transformation was introduced In order to stabi-
lise the variance and to produce normal distributions from the observa-
tions recorded by the category system. The transformation 
y = log (x +1) is used because of the prevalence of counts of ze:'o. 
In the transformation the linear relationship uhich exists between 
the arithmetic moan and the standard deviation is reroved and in 
addition the logarithmic mean is less susceptible to bias by occasional 
high counts. A detailed account of the application of the logarithmic 
transformation in the Recorder survey is given by Colebrook (1960). 
The long-term annual moans for the distribution of Centrojjes 
tvpicu and Temora longicornis are. shown in Fig. 6. The outline 
marks the limits of the sampled area for the period. The long-term 
moon is obtained by summing records for each recanglo over 21 years 
and dividing by the number of tit.ies it was sampled. The rectangle 
means are rcpreeontca by symbols at three contour levels, the values 
of which are noted tqgcther with an indication of their meaning in 
terms of numbers per cubic meter. It is interesting to compare the 
distributions given in Fig. 6 with those presented by Colebrook, et.al. 
(1961), Plates X2V and xxvii) for the same species in the period 
- 1956. 	Llso in tiia pacr T. lon4cos is said to provide 
a Unit between the intermediate and noritic distribution types. The 










Figo. 6ai, 	n 	tptcus : 	Long—term- uean. amival levels 
of abundance (1948 - 1968). Contour levels are given as the 
log means of recorded categories. Outline = sampled area. 
Fig. 6b. Temora ongicor'njp: Long—term mean annual levels 
of 9bun&mce (1948 - 1968). Contour levels are given as the 
lag means of recorded categories. Outline = sampled area. 
similar distribution characteristics was carried out by Colebrook 
(1964) 	His basic distinction was of oceanic, neritic and inter- 
mediate forrs and the method was based on the principal component 
analysis (tondul1 and Stuart, 1966) of variables such as seasonal 
tiiing and the fluctuation in abundance which are linear functions o 
googrphical distribution. 	It was noted by Colebrook ot.al . (igGi) 
that T. 1oncorr had a distinct neritic Uorth Sea population while 
C. typicuR, being claseod as an interrediato species was noted as 
being relatively more abundant outside the continental kjholf in the 
Atlantic. 
Since the presentation of these earlier papers as "Contributions 
Towards a Plankton Atlav of the north east Atlantic and north Sean 
the survor area has been considerably extended and re-analysis gives 
strength to the earlier results. Colebrook (1970) find3 that in the 
classification of zooplankton speciec into groups characteristic of 
geographic areas and water typos further divisions arc possible. The 
three basic forms can be divided into nothtrn oceanic southern 
oceanic, northern neritic, scutlmrn neritic and northern interasdiato, 
outhorn intermediate so that C. typlcus is now classified as southern 
intermediate and T. lgaCkqgXpnjijp as northern neritic. 
THE DISTRIDUTIOD OF CRY. R0PAGTS 'YPICW3. 
The long-term mean annual distribution (rig. Ga) shows that 
occurs right across the Atlantic in the southern part of the 
eurvy area with the centres of die t.bution lccatcd to the couth west 
of the U4ted ingdoii in the o.ston Atlantic wal south cact 01 EQVa 
cota in the vaostorn Atlantice 	he 	tribtion LAIDO c©os thG 
ay of Biscay down to the coast of northern Spain and Portugal. Preor 
(1955) / 
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(1955) assessed the proportions of Lusitanian species to Cosmopolitan 
species in this area and ostablishedthat Mediterranean fauna could 
flow out and rilt with the eastern Atlantic fauna. In view of this 
fact the samples were supplemented by a smplo from Castellon on the 
south cast coast of Spain where C. 	_ç is the dominant winter- 
spring spociesp particularly in coastal waters (Deevoy, 1960). 
The long-term monthly rectanglo means for 	 are presented 
in Pig. 7 whore it will be noted that the copepod is present through-
out the year at the 10 meter sampling depth but that the numbers are, 
in general, minimal in December and January and maximal in September 
and October. The three contour levels are again used to represent 
the rectangle means and the values of each level are noted. There 
are indications of development from a number of cqntres. The two 
main centres are as previously described and those are supplemented 
by two others situated off the west coast of Ireland and off 
Scandinavia in the Skaggerak. 
One problem in using monthly moans prepared in this way is that 
each month's figures are independent of the others. To gain 
information of a more dynamic nature, which reveals the direction and 
rate of development month by month, ouch longterm monthly rectangle 
moan was expressed as a percentage of each long-term annual rectangle 
mean. This calculation brings the monthly moans into direct 
relationship. To find where the areas of greatest development were 
situated the percentage difference between each month and the previous 
month was calculated and the positive values (i.e. percentage increase) 
plotted using three contour lovols ac bofore. The results of this 
calculation are presented in Fig. G 
To oanino the timing of the first increase in the calendar year 
and / 
17. 
Pig.. 7., January 
Centoiaei th&Cuas Lông.tent monthly mean levels of 
abundance. (1948,- , 1968), Contour levels are given as the, 
log-means: Of recorded categories.. 
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and the major increase. in the calendar year, the second grid of the 
larger standard areas was used. Once again the long-term standard 
area monthly means were expressed as a percentage of the long-term 
standard area annual mean. The percentage difference between each 
month and the preceding month was calculated and percentage increase 
was plotted as a cumulative graph which is shown in Fig. 9. To 
represent timing of the maximum and minimum conditions in each 
standard. areaFig. 10 shows the month of maximum percentage increase, 
the month of minimum percentage increase and the direction of change. 
DISCUSSION 
In.considering the distributional data of C. typicus, there 
appear to be three population centres in the eastern Atlantic and 
North Sea and one in the western Atlantic. Subsequent sampling and 
analysis was based on this assumption but it was later proved that ono 
of these populations was not independent in the way that the term has 
hitherto been interpreted. 
The three population centres in the eastern Atlantic are found, 
a) in the Iorth Sea off the north coast of Denmark, b) in the western 
approaches to the English Channel and c) off the north west coast of 
Ireland. The population in the western Atlantic (at least in the 
area covered by the survey) is centred off Nova Scotia. Of the popu-
lations mentioned, that found in the western approaches to the English 
Channel is the most important numeric..11y. in 	siai 	re 3z a 
tendency for the populations to dovclop within the 100 fathom contour 
line, which arbitrarily defines tho edge of thp continental shelf, 
e4W to spread otwars as th 	rerreese. The annual distri- 
bution based on the long-term noans shows that it is possible for at 
least / 
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bust an ochange to take place between the eastern and western 
Lt].antic Groups  in the southern section of th2 survey area. Bearing 
in mind that sampline takes place at the constant depth of 10 metera 
it may be that greater intermixing takes place ot other levels. On 
the present data the connection between eastern and western ItTantic 
groups is not to be considered as a true interface. 
The development of these centres can be described ueing the 
monthly data and the long-term standard area seasonal fluctuations. 
The western Approaches Populat. This group is centred in 
standard area D3 (Fig.b). and here it is recorded more or less in 
every month of tho year with the lowest numbers being found in January. 
From February onwards there is a steady increaLe in numbers and a 
dispersion southwards into the Bay of Biscay, westwards into the 
Atlantic ocean and northwest around the south coasts of England and 
Ireland where it mixes with the pept'L.ition centred in C4, (Fig.5h) 
off the Irish coast. 	The population begins to decline in October,  
and C. tyicus disappears from the oceanic standard areas but remains 
in evidence in standard area D3. 
The Zorth Sea P224tion. At first glance the Worth Sea popu-
lation appears to develop independently from the one centred in area 
D3. However, in the North Sea C. typicu is recorded first in the 
south eastern part (area Dl) in rlarch developing northwards in April 
to establish an area of major increase off the Skaggorak in standard 
area Cl idth peaks-in August and September. In iiy, Juno aiAd July 
the population spreads over the whole of the North Sea, interfacing 
with .0 group Mich develops around the northern coasts of GcotlaMe 
Prom July through October the Doialtinn spreads rorthwarde up the 
LIorwogiun coast but a very quick Coeline takes place in this region 
in / 
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Fig.. 9. Centroiaea typicus: Cumulative graphs 
of long-term monthly. mean percentage increase in 
abundance in standard areas (].948 1968).. 
X = no eampliDg. 
in Uovonhcr. In December and January the population is again 
confined, to 'Llip south eastern region of tho Iforth Sea. 
Unfortunately a number of coastal rc4ons are not sampled well 
by the Recorder survey. ¶ho three major problem areas are the west 
coast of Irolana, the Lost coast of Scotland and the 1nlith Channel. 
In the present case the lack of sampling in the english Channel gives 
a false inproccion of the o2tent of the break, if any, in continuity 
of the populations. It seems likely from tho available distributional 
ov±dnc iat tte Korth Sea population is closely related, if not a 
direct derivative of the main group in standard area D3. Further 
inforriation in support of this was gained from the morphological 
studies and conclusions are presented in that section. 
c) Yho IrishPo 	on. This population first apoara in February 
dovelopirq through flarch, April and Uay to reach a peak in ilay. This 
is indicated clearly in the monthly percentage difference plots for 
standard areas 04 and C5 (rig. 9).tilth the latter one month later in 
reaching the maximum. A emall decline in numbers takcs place 
through July and Auucit but a second increase gives the primary 
raximum in September. 
It appears that the first increase in the seasonal cycle is due to 
the development of the independent population centred in C4. The 
second increase to the primary Sopteriber maximum is duo to the 
inflwmco of the population centred in P3. The fringes of this popu-
lation begin to nix uith the Irish population in Ilay from which time 
a massive increase in numbers takes place. The lack of saipling in 
the stati s ticU rectajlo off the must count of Ireland loaves an 
aforttanmte gap in the Cata but the problem is not so acute ao that 
in the nglich Channel. 
The / 
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The Irish population spreads northwards from April through Way # 
June and July and it is probably derivatives of this population which 
MY with the Lorth Sea population thougb, again, the lack of sampling 
in certain critical areas around the cnat of Scotland make absolute 
description difficult. 
Bcniing in Day both the Irish and Vostorn Approaches populations 
spread outwards into the Oceanic areas of the Atlantic. In July, the 
population spreads almost across the Atlantic in the southern part of 
the survey area. It is uncertain Mother any of the western Atlantic 
population has any influence on this distribution but the direction 
of the Gulf Stream flow would suggest that it does. 
d) The American Population. The population centred in standard area 
E.10 appears to have a relatively simple development pattern. It 
must be stressed however, that it may originate in coastal waters such 
further south than those covered by the survey area. In the rocion 
of the Scotian Shelf the boundary between the neritic coastl waters 
and the oceanic Gulf Stream Now as the Uorth i?all of the Gulf Stream) 
K very sharp and the distribution of C. typicus
,
appears to be 
contained inshore of this. The organism appears first in June and 
spreads steadily northwards along the Scotian Shelf. Hajor increases 
are evidcnt in October and Boveabor with a decline beginning in Dcember. 
To sumriarice the development of the population of Ceritropaq 
ypicus a ropresontation of the population flow during the build...up 
to niaxinun distribution is shown in Fig. 11. The diagram is based on 
data from all the sources discussed in this section but it must be 
etroured that this is an attcpt at a dynamic repeontation 6Do 0, —
lation develepEent and not of inivudual ornanipo movement in the 
physical sonsea Uo attempt IG made to discvo the influence of on4on-
mental factors on the distribution. 
21. 
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Fig., 11. Centropaggs tyTicuas 	Annual development pattern 
for the four population centres based on all sources of data., 
Al A2 are independent - development Centres of a single. 
mor:pfotype (see Part lb for further explanation),. 
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The 1on—term annual rectangle mean (ilig. 6b) show that the wain 
developt'ont centre of T. lonicorrA±s is in the Vorth Lca but that tho 
population covoe the Uyvi1loThompson rido bOttreen the 1?aroas and 
Iceland and is ucil ostablished in Icelandic coastal uitors. 
The methods uod to study the distribution of this ccpepod usi'o 
the eno as those juat described for 	 The long—term 
monthly roctanglP risanc, the monthly porcozitae aifforoncee by 
rectangles, the standard area ooiithly percentage differences and the 
uuiaun and uixiun population conditions are rhotin in 1iures 12, 
13, 14 anc 15 respectively. 
PI3GU3ION. 
Thoro appear to bethree' major population groups end possibly a 
fourth. Whe centres of the three major C.,roups are found in a) the 
southern 0rth sea, b) off the south tieot coast of Iceland and c) 
a1on the 6cotiaii ho1f and the Grand Banks. 
a) 	iprth 30a 	1atiq. This poiu1ation increases steadily 
froa i'obrury onuards, spi'eadin northurdc froi standard area Dl, 
firstly up the eastern side of the florth Sea to the coast of lJoruay 
and then up the east coait of Yngland and Scotland. The population 
eproadu sOuthwards fros Dl in Iiarch, April and 11y to the n].ieh 
Channel and the uostern approaches. l'xccpt in the month of Juno 
tho popuLAtion i entirely contained uithin the coniLnental shelf 
reion thus confiriiw its noritic clacaificationo In Julyd Luiact 
and Lc ODbop it is found p..oreoaively further a1c the couthcra  
cowts of :n1and and ny the couth owdrorvi nt 	 • 
roup is present off the north vioster coast of Ireland Zron 1pri1 
to / 
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Pig. 12, 	Janua'y 
Toz 1ontconiis: 	Long-term monthly mean levels of 
abundance (1948 1968). Contour levels are given as the 
log-means' of recorded categoee. 
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of long-term monthly mean percentage increase in 
abundance in standard areas (1948 1968). 
x = no sampling.. 
to ioverabar. As in the case of C 	it is difficult t dooio 
if this group is really independent bocauso of the leek of oaping to 
the north and south whore a link with neighbouring populations could 
occur. It is also possible that the group originates in the Irish 
Sea whore no sampling is available. 
The Icelandic Population. This population develops sout1 east-
wards fron April through July when there is miring along the yviflo-
Thompson ridge with the population spreading out from the north of 
Scotland. The Icelandic group declines, disappearing from B'. and 
B5 in August, and disappears from A6 in October. 
The c anPopio. This population is quite clearlr 
separated from the eastern Atlantic populations and the unnuu:L cycle 
of development has a two to three month lag behind the oastr:i 
Atlantic cyclo. be with C. t. icus the popul&tion is contai:iod in 
the continental shelf water by the influence of the northern Ddgo of 
the Gulf Stream. It is present along the whole survey area in this 
rcgion. There is a steady increase from flay to October and in 
flc'venher the population has two major centres of development separated 
by the Cabot Strait. One is situated on the Scotian Shelf unO the 
other on tho Grand Banks south east of Ne'ufoundluncl • The fu rtor 
development of the Scotian shelf group is short lived, but there is 
a strong development in the Grand Banks group to a second pck in 
January and February. The population declines in March to e L'Aay 
ninimw. 
Prou this information it can be seen that the three populations 
are clearly d tinguiaad from oie aoter. The citution J=t 
r.bod for thc wet-ca [itl&ic ei is e13ilar to that uooto 
for the 	ic 	orth Seu population where independent do'Tolopent 
centres / 
23. 
Fig. 15. .Temora 1onicornisj 	Annual development patterr fc 
the three population centres based on all sources of data.. 
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minimum (bottom) percentage monthly increase in abundanc6 nd 
the direction of Change. 
centres oxist but as satellites of the major population. 
There are some features oVibited by the maximal and minimal 
population states (Pig.13) which require some explanation. In 
standard areas B4 and B5 the first increase is due to the spread of 
the Torth Sea population which takes pldco in lay, whereas the major 
increase is during and after mixing with the Icelandic population 
derivatives from August to October. A close examination of the long-
term annual fluctuations in standard area C4 shows it to be more 
complicated than any of the other areas. There is an early increase 
to an April maximum followed by a steady decline to an August pinimame 
Reference to the longterm monthly mean rectangle plots (Fig.11) shows 
that this increase and decline are almost, certainly due to the popu-
lation off north west Ireland in the southern section of C4. From 
this August oinimum thre is a dramatic incroa:e to a September waNimum 
and an equally dramatic decline in October. This second large fluctu-
ation is almost certainly due to the population off the north west of 
Scotland in the northern section of C4. The second upsurge is due, 
therefore, to the expansion of the lorth Sea population round the 
coast of Scotland into C4. It should also be noted that the group In 
C4 docrossen from an April maximum in contrast to the trend in the 
adjacent areas. This is evidence which sugestc that there might be 
a separate population in C4 but for the reasons previously given this 
is uncertain. 
To complete the picture a representation of the population flow 
durin" the build-up to a seasonal maxltiun is given in pig. 16. It 
must be rrrebei'sd thmt the s.sno provinios of intorprotutio jly as 
for 	 The too-month lur priod of the ucotrra polatoa 
behind the eastern populations is accounted for. For the eastern 
Atlantic / 
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Atlantic the firct increase of the season s irrespective of size, uae 
noted cor ouch standard arc oith January as a buoline. 1or the 
iostorn Atluntic the cumo procodui'e uas carried out with Iovber .w 
a baoline. It is not posiblo to shoiJ more than a eenoral north east 
trend in the western Atlantic group since the survey area is rather 
narro'i in this roicia. 
co 11 IC, LLS IO1 
The detailed distributional study of the copepods 
and mor onp 	has provided the nforntion required 
for aolocting, tho sampling sites for the morp1ioloicul study. It 
his also identified the boot tiiio of the year for sac.plinCe in order 
to tnsuro unmixed populations. The annual and monthly lon'terrn 
rectanlc rnoLins have bccn used to shou the scsonal f3.uctuatirs in 
distribution . of the tho cop--pods. By rouïting the months and lottingp  
only percontae increase of one noiith over the pr@vioio month the 
iajor centres of dovolopnt and that direction of dovolópont havo 
boon douonstrutod, it has also been posciible to identify areas of 
interface and to interpret certain fluctuations an bin under the 
cowbinod iifluenco of one or more populations. 
oue indication of numbers of animals per in saplod has been 
iven in terms of "accepted values" (Table i) but these should not be 
tl:on as absolute values. It could be aruod that numerical informs-
tion is irrelevant hero There the aim t-:as to study the ropulation us 
U fIouatin, jtc unit. 	In so far as t-.ht,, aims have bern to locoto 
indopoLdcat ©iations vittur6 the ourvoy 	tA;&ia is true • it is, 
of cource, 	icom 	a curYof t.ha ccya  coticution tccaiuos 
for codi to accurrene of or rimr zwn6 a loritio trunoforation 
to / 
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to normalise the data that conversion back to absolute numbers is 
difficult but this is offset by the coverage in geographic terms. No 
attempt is made to relate the observed fluctuations to environmental 
factors. These undoubtedly play a part in controlling the rate and 
direction of the developing population. 	 2 
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BIOMETRIC AIIALYI3 OF THD INDEPDE!T SUBSPtCIFIC FOPtLATIOS OF 
CEITROPAGS TYPICUS AND TEIORA LOIGICORILS. 
INTRODUCTION 
Having identified,within each species, several populations 
suspected of being independent, the aim of this section is to find a 
method or methods by which they can be characterised morphologically 
in such a way as to allow the future allocation of unknown specimens 
to their correct source of origin. A detailed morphological exami-
nation of examples from each population centre revealed, with one 
oxcoption, no single feature by which their origin may be deduced. 
The exception was found in the siape of one of the segments of the male 
fifth limb of Centropaes tvics and is dealt with in a separate 
section. Clearly, then, if the populations are to be characterised 
morphologically a detailed biometric examination is needed. The 
treatment of the data, in which there are a varying number of inde-
pendent variables, requires techniques of riultivariate statistical 
analysis which embody the means of identification and classification. 
It has not been the aim of this work to develop the statistical 
theory but to emphasise the methodology of acquiring the data and 
applying well-known techniues. The statistical methods used have 
been well-tried in a variety of studies ranging from terrestrial 
biogeography to fisheries work. 
The definitions of the terms 'sample' and 'population' used in 
this section are those given by Sokal and Rohif (1969). A sample 
from a population in ntacLd area D3, for example, is a number of 
individual organisms. A 'sample' of observations is defined as, 
"a collection of individual observations selected by a specified 
procedure" / 
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procedure". 'Population' is defined in statistics as, "the total 
number of observations about which inferences are to be made". 
Three statistical treatments are employed in the study and in 
all of them the aim is to take a number of naturally variable features 
of the aubapecific population members and to treat them simultaneously 
in such a way as to reduce the variables to a smaller number about 
which conclusions can more easily be drawn. 1) Principal Components 
Analysis (Kendall, 1957). This method acts precisely as desired in 
reducing p variables located in n-dimensional space to, in many cases, 
a single component. The method lacks the ability to classify subse-
quently added data. 2) Discriminant Function Analysis (Fisher, 
1936; Rae, 1952, Snedecor, 1956 and Kendall, 1966). The essence of 
discriminant function analysis is that given two or more populations 
and a sample from each it is possible to set up a rule, based on the 
measurement of a number of variables from each individual, which will 
identify their origin and will allow any new individual to be allocated 
to the correct population with a minimum, and known, chance of error. 
Amos, Anas and Pearson (1963) describe the use of the method in the 
classification of samples of pink salmon Onchorhynchus gorbuaha 
(Walbaum), taken from the high-seas fishery, into groups based on 
their rivers of origin. The method is also applied to subapecific 
population structure in the lobster Bomarus smericanua (ilne- 
Edwards) by Saila and Flowers (1969). 3) Polynomial Re?easion 
(Tohebysheff, 1854). This specialised treatment was used to examine 
the differences in the male fifth limb of C. typicus. Although the 
method adequately expressed differences in shape between broad geo-
graphic areas it was insufficiently sensitive to provide conclusive 
evidence for the distinction of the eastern Atlantic populations. 
When / 
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When the results are examined in conjunction with those of the other 
two methods, with the advantage of hindsight, it does provide some 
additional information. The demonstration of these differences in 
the male fifth limb and the discussion of their implication provides 
an important prelude to Part II of the thesis. 
The collection of basic data is one of the main problems in work 
which involves the micromorphological examination of very small animals. 
The methods of dissecting, mounting, drawing and computing are extremely 
time consuming, particularly where large samples are required to reduce 
error. As a result of this the analysis had. to be confined to the 
male members of the populations under consideration. This means that, 
for the present, an assumption must be made concerning the females in 
that they 'must be taken as conforming to the results achieved with the 
males. The decision to examine males rather than females was taken 
in the hope that the more highly modified appendages would provide a 
richer source of micromorphological variation. 
SAMPLING 
a) Centronpgea tYjcu5 
To retrieve specimens from the Recorder samples for specialist 
analysis, particular attention has to be paid to the category system. 
Examination of the seasonal fluctuations by standard areas showed the 
greatest general abundance of C. typicua in 1961 for the period of the 
survey which included the western Atlantic • The category occurrence 
by standard areas for C. tvpious in 1961 is shown in a frequency 
histogram Pig. 17. Records of "no occurrence" are not included 
although they form the most frequent observation. The records show 
that categories 4 - 8 yield a total of 152 samples representing in 
terms of accepted values, 2,628 specimens. This is adequate for the 
present / 
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present study, particularly in view of the practical considerations 
limiting the numbers which can be used. All the C. typicue present 
in the selected samples were removed and it is of interest to compare 
the numbers collected with those expected in 3 m3 of water (the volume 
sampled in each 10 miles of tow). The expected number is given in 
column five of Table 1. where the traverse represents 1/40th of the 
total so that, for example, one animal counted indicates a theoretical 
total of 40 animals in the sample. kg. 18 shows the mean numbers 
of specimens collected from analysed samples of different categories. 
The numbers collected were well below those expected in theory. An 
examination of the samples - prior to the initial analysis showed that 
C. typicue is unevenly distributed, lying generally, in narrow bands 
at the edge of the silk. The result of a non-random distribution of 
this type is an artificially bih count loading to allocation to a 
hither category than would otherwise be the case. 	Stage three cope- 
podites were the lowest stage collected and it is assumed that stages 
below this were not retained by the filter. Stage VI (adult) cope-
poditee were allocated to one of five classes depending on their 
maturity. 
Males containing .a spermatophore and denoted by VI'Sp tnd called 
ripe males. 
Males not containing a spermatophore, denoted by VI(NSp and 
called adolescent males. 
Females which did not have and which had never had a sperniatophore 
attached, denoted by VIçAd and termed adoleecent. females. 
Females with a epermatophore attached, denoted by VISm and 
termed sexually mature females. 
Females with only the posterior coupling of the sperniatophore 
coupling / 
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Fig. 171H: Centroaes:tPicuS: 
Frequency distribution of categories 
recorded during 1961. 
Fig, 180 CentropaRee tvpicu$: 
Mean numbers of specimens' retrieved 
from each recorded category on blocks 
sampled' for 1961. 
coupliw,, device attached, denoted by VX9 and termed fortilioed 
females. 
b) Temora ionij 
Examination of the records eha.ied thatT. 	 s&ci "GO mOOt 
abundant in July 1961 and a random sample of fifty males was taken 
from each of the three deitd areas. T4o sampling dotQila are 
showxi in Table 2. The need to oenclder the category system and ito 
influence were not so acute hero a's in the yrovious coos sinco oomploa 
wore being taken only from the population contros. •Sim o 
Is relatively more abundant numerically, in the Recorder sar3plos and 
selecting adequate samples was not difficult. 
TABLT3, 2. 
POPbLTION ROUTE Lo. BLOCK No. RDCTLUGLE 
XCELIDIC 164 Vs 47 Dl,, 
AflEP.ICAN 38 Ea 27 P 29 Vqq. 
tJORTh SM, 26 MI 25 01Y 
61  31 NX 
_________ 	sources of eamples in the rocordor 
survey. The letters in the last column represent 
the grid—reference of the statistical rectanglec 
which were sampled. 
O? SPECUN 
Prior to diosection and munting the metasome length vms memoureti 
from the baoe of the rootral spines to the mid line of ths joint 
between / 
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between the fifth metasoms segment and the genital segment. Measure-
ment was carried out with an eye-piece graticule. In T. lonaicorn.ia 
the furcal length was also measured as the distance from the posterior 
edge of the anal segment to the tip of the furcal z'antus. 
Dissection of appendages was carried out using tungsten wire 
needles mounted in a pair of Singer inicromanipulators. The needles 
were prepared by dipping the wire into molten sodium nitrite heated on 
a brass plate. To hold the organisms for measuring and ciseecting a 
special double cavity elide was made in perspex. The cavities were 
milled to a depth of 0.55 mm and had a flat bottom. This slide made 
the control of the specimen during dissection very much easier. 
Polyvinyl lactophenol. was used as a mounting medium and Turtox 
resin was used to keep the appendages in order on the slide. In the 
case of C. typicus no stain was used and the mounted appendages were 
examined under a projection microscope where projection drawings were 
made at a magnification of X600. Tooth counts in the antennal combs 
and exopodite terminal blades were made using a Vickers Patholux high 
power microscope. 
For ease of dissection of P. loiwicornis it was found necessary 
to use the stain methylene blue in aqueous solution.. A source of 
error was found in the measurement of the furcal length where, 
depending on the state of preservation, the arthrodial membrane 
between it and the anal segment, was extended to various degrees. 
During dissection the fur cal remus was removed and mounted with the 
other appendages. Under the pressure of the coverslip the membrane 
always remained extended. The measured furcal lengths were compared 
in the mounted and unmounted condition and the difference was found 
to be significant at the 0.00196 level. Where furcal length was used 
to / 
32.. 
to estiaate the aotaeor!o lentha a ouitable correction w made. 
LECT.0 OP  cwcr; 
It has boon indicated that there weiv no obvious characters by 
which individualo of the to species under coneideration could be 
allocutcd to tir particular oubaecifio population. Such a situ-
ation is not unexpected at ouch low taxonomic lovel. The reuire.. 
mont is for a number of characters which adeçuately oxpres the 
ideiitity of particular population morhotypes and w'hiich cover the 
total variability of that population. In the majority of taxonomic 
invectiation, p icularly in classical tazcnbny, the ohoico of 
characters and their uoiohtiae is influenced by intuitive selection 
and xnin,. The proponents of numerical taxonomy quote this as a 
pressing arguritent in favour of the unbiased selection of characters 
V numerical teohndquec. Ilotwithstanclinij this argument the study of 
populations of cepepodo requires a compromise since the cover'ge of 
the survey and the number of specimens available , is so lare. To 
measure ana analyse all possible oaracters of. all appendages of all 
socimonu was iiiposoiblo and conuouently certain apendagos were 
selected for detailed exanination, 	ondagos whose structure 
is used in the classification at species level and in particular those 
structures allied to a specialiced function, such as the mouth parts 
or repro1uctve structures, seemed most likely to provide sources of 
variation at the subopecific level, 
a) C9jLtEgpa 	tiouq, 
In the case of C. t.niouo this expedient approach was t,-Jr-en to 
citremcs in that only those highly modified appendages which eontnod 
easily measured caraotors wore uscd. The mc.ifiod fifth suirring 
limb/ 
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limb, the goniculate right first antenna and the second maxilla were 
dissected off and mounted for exsmination. Following the pilot study 
which investigated promising characters tho second -maxilla was removed 
from consideration because of the difficulty in finding roliablo 
characters. The term 'reliable character' is used in the sense that 
a character must have reference points which are easily identified and 
constant in their form. The characters which were used in the 
preliminary statistical analyses are defined below together with their 
codes. The appendages and the charaotere uted are shown in Fig. 19. 
Genioulate Rittht Fi'nt Antenna (RA1) 	Five continuously,  variable 
characters and four meristic characters were considered on this appendage. 
The number of teeth in the proximal comb (Prox.e) 
The number of teeth in the first distal comb (Dist.a) 
a) The number of teeth in the second distal comb (Diat.b) 
a) The combined number of tooth for the two distal combs (Diet. a + b) 
The length of the spine on segment 16 measured from the anterior 
joint with segment 15 to the tip (a) 
The length of segment 16 measured from tho posterior joint with 
segment 15 to the posterior joint with segment 17 (b) 
The length of segment 17 measured from the proximal to the distal 
joints (c) 
b) The length of segment 18 measured from the proximal joint to the 
midpoint of the bingo with fused segment 19-21 (a) 
i) The length of the fused segment 19-21 measured from the midpoint of 
the binge with segment 16 to the distal joint (e) 
Fifth Swimxriie 14mb (P5) 	This limb is the subject of several sections 
of this thesis and in all a total of 43 characters were examined. 
Although / 
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Although only 18 characters were examined in thin section the definitions 
for all 43 characters are given here. All segments of the limb were 
examined and the characters are listed ndor appropriate headings. 
a) Length measured from the outer basal joint to the outer joint with 
R.13a.2 (17) 
AIJ&t fla odjt 2 (R.Ba.2) 
a) Length of the outer wall measured from the outer basal joint with 
R.Bu.l to the outer joint with R.Ex.1 (4). 
b) Length of the inner wall measured from the inner basal joint with 
11,Ba.1 to the' inner joint with R.En.l (15) 
c) Width of the base meaeired between the joints with R,Ba.1 (16) 
Rhtxpjodjte_1 (R.Ex.l) 
a) Length of the inner wall measured from the inner joint with R.Ba.2 
to the inner joint with R.x.2 (11) 
B) idth of the baso measured between the banal joints with U.13a.2 (13) 
o) Length measured from the midpoint of character 13 to the outer joint 
of the segment with R.Ex.2 (12) 
(u.Ex.2) 
Length of the claw maccured from the tip to the inner basal joint 
with R,Ex.1 (i) 
Uidth measured between the banal joints with 1LEx.l (2) 
a) Length of the outer wall measured from the basal joint to the outer 
joint with R.Ex.3 (3) 
d) Distance from the tip of the claw to the inner joint with fl.Fix.3 (4) 
e) Length of the segmental spins from base to tip (io) 
11iht xoodite 	(R.x.3) 
a) Width of the base between the joints with R.Lx.2 (5) 
b)/ 
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b) iietanoo between the outer joint with LEx.2 and the base of the 
outer opine (6) 
o) Distance between the outer opine bo.oó and the tip (7) 
a) )iotance between the tip and the dita1 joint of the base of the 
inner spine (8) 
o) ictancobottoon the distal joint of the base of the inner spine to 
.the inner basal joint with R.z.2 (9) 
YLiKumAnod&t1(I1.1n. i) 
The sun of dintancec between the inner basal joint with 1LIa.2 and 
the base of the internal seta and between the bco of the internal 
sota and the  inner joint with 1.2n.2 (22) 
tJidth of the base between the basal joints witi I1,I)a.2 (25) 
aPtt9 p (fl.n.2) 	.. 	 S 
a) The awi of dictancoo between the inner basal joint with 
ana the base of the internal aeta and 'between the baso of the 
internal seta and the inner joint with i.tn.3 
h) Width of the base between the basal joints 'iith ReLaol (24) 
a) The sun of the distances between the outer basal joint with 
R,2-P,2 and the base of the first outer seta, between the base of 
the first outer ceta and the base cf the second outer seta and 
between the base of the fsecond outer sota and the baco of the 
third outer- Coto (19) 
t) The sun of the distances between the inner basal joint with R.ti.2 
and the base o' the 'first inner octa, botwosa the base of the first 
mnnor sota and the base of the sucoad inner sota and between the 
base of the second inner seta and the base of the third inner sota (20) 
tidth Of the base between the basal joints with fl.a.2 (23) 




Total length is the sum of the distances between the midpointo of 
characters 24 Wid 25 9 23 and 24 and between the midpoint of character 
23 and the point foraod by the bases of the inner and outer third 
cotao of la.Ln.3 (16) 
Left 	 p_o__  
Lcnth aoaourod from the outer basal joint to the outer joint tJ 
..L.TIa.2 (35) 
(L.13a.2) 
) Lcntb of the otor wall Loaoured from the outer bacal joint with 
L.fla.l to the outer joint with L.x.l (34) 
Length of the inner well from the inner basal joint with i.Ba.l to 
the inner joint with L.n.l (37) 
width of the baoe scasurod between the joints with L.a.l (36) 
Left LM9  Rgdito I (LJx.1) 
u) Uidth of the base between the joints with L.Da.2 (39) 
Loft jppóito 2Luco (L.Jx. 2-3) 
Distance botwoon the outer basal joint with L.x.l and the inner 
angle made by the proximal external spine (43) 
Distance between the inner. angle made by the proximal external 
opine and that made by the distal external spine (42) 
Dictanco betwoen the inner angle made by the distal external 
opine and the angle botwoon the outer and median apical spines 
(41) 
Loft flxnpodito 
2otal length given by the cum of the distance between the midpoint 
Of oharacter 39 and that of character 30 and between the midpoint 




Left 1ndopodite 1. (L.En.l) 
Width of the base between the basal joints with L.Ba.2 (29) 
The sum of the distances between the inner basal joint with 
L.Ba .2 and the base of the internal seta and between the base of 
the internal seta and the inner joint with L.En.2 (33) 
Left Endpppdjte 2 (LJn.2) 
Width of the base between the basal joints with L.En.l (28) 
The sum of the distances between the inner basal joint with 
L.En.1 and the base of the internal seta and between the base 
of the internal seta and the inner joint with L.En.3 (32) 
Left Ezidopodito 3 (L.En.3) 
Width of the base between the basal joints With L.En.2 (27) 
Sum of the distances between the outer basal joint with L.Fn.2 
and the base of the first external seta, between the base of 
the first external seta and the base of the second external 
seta and between the base of the second external seta and the 
base of the third external seta (30) 
C) Sum of the distances between the inner basal joint with L13n.2 
and the base of the first internal seta, between the base of 
the first internal seta and the base of the second internal 
seta and between the base of the second internal seta and the 
base of the third internal seta (31) 
Loft Enpppdjt  
Total length is the sun of the distances between the midpoint of 
characters 28 and 29, 27 and 28 and between and midpoint of character 
27 and the point formed by the bases of the inner and outer third 
setae of L.En.3 (26) 
b) Temgra 
istaI comb b 
loop 
Fig. 19a. Centropages tvi,icuai Male geniculate right 
antenna; ineristic and continuously variable characters 
e*ii.mined in the biometric analysis are indicated. Segment 














Fig. 19b. Centi'opaes typ&cua: Male fifth limb; left. and 
right ezopodite segments showing the continuously variable 
characters used in the biometric analysis. 
b) 	 low.Leornlp.  
In the case of T. 1owicornis the sample to be examined was 
relatively small (50 organisms from each population centre) and 
consequently the more detailed selection of characters, shown to be 
necessary following the statistical analysis of C. typicus was under-
taken. The complete sot of appendages from male T. lo gico n 
 is were 
examined in a pilot study which was aided by a series of slides 
prepared in 1964 by Ere U. Beasleii (who has since left the laboratory). 
The precise character definitions are given below with their codes and 
they are ohown in Fig. 20. 
Goninilate Rii'ht Antenna (ia.i) Four morietic characters were 
considered on this appendage. 
The number of teeth in the proximal comb (Prox.c.) 
The number of teeth in the first distal comb (Dist.a.) 
The number of teeth in the second distal comb (Dist.b.) 
The combined number of tooth for the two distal combs (Dist.a + b.) 
eQnd Antee. (.2) 	No suitable characters wore found since the 
seontc were extremely susceptible to dstortion. 
!ndjh1e (i'd.) 	Refer to the numbering of tooth on the 
of the mandible Fig. 20. Six continuously variable characters were 
ox .minod on this appendage. 
The distance between the apices of ootli 2 - 3. (hd. 1) 
The distance between the apices of tooth 3 - 5. (Nd • 2) 
C) The distance between the apices of teeth 5 - 6. (d .3) 
d) The distance between the base of tooth 2 and the base of tooth 5. 
(Nd .4) 




f) The diot3aco botuoon tho b000 of tho latocl filouont and no 
baao of tooth 7 	(d.60) 
	
(ao 1) 	oro the 1ontho of the nine W402 tooth (o 
opinco) on tho am-tLobaoo t?OXO vnasuyad fo3 boe to apo. Othc 
chaactoo in the coonont ooente vero etbjct to dtotion. 
yzofcr to E,14 3. Ig o for the noquonco of nuEborin'of the tooth. 
Ch3rL'OtOr CCdOO 3O ilo1o1 to 'i20o1o90 
(ia02) 	onta1 	ur000nte woro eubjeot to 
ototion and none uao UCOd. The alopoafr1lago beam- a lobe tiith 
orir.cnt opine on ooaent Ri02, Tuo oharetore too EOGEUrOd On thie 
opine0 
The  lonth of the opine froi ito junction uith the lobe to the 
upeo 
The lozth of the opiio cud lobe reaoured from the b000 of the 
lobe to the apoz. (ao2o2) 
Elz(pd0) o chuctors thich could be ea@ly measured we 
found on thia appenda00 
01 P2, P3 and P4) 
There are MAY pocoiblo charactora of cogent lonthe and uidtho 
but it tjao decided that the pilot otudy should otaino oopodito 
1onth and ondopodito lontb0 The tornina1 opinoc of tho oop©dito 
displayed poineut tooth, the nur-bors of uhich varied froo liob to 
liob0 The charactore ouinod therefore uoro 
) Total lonth of the onopcdito (op. P1 0 P2 6 , 15C, P4). 
) otu1 lonath of the ondopodite (Pad. 11 P2 	P4)o 
Ratio of the lonth of the onCkopoditó to the oopodito. 
The nuabor of tooth in the tcrieina1 epinee of the oiopoditoo. 
(P1Tep 
e 
Fifth 3wininiing Limb (P5) 
Since this limb is so functionally important, being modified for 
reproduction, it was decided to examine it in detail. The left 
fifth limb was found to be subject to distortion during mounting and 
was consequently not used. Eleven characters were measured on. the 
ohelate right limb. The chola is a very highly modified exopodite 
and the segments accordingly bear the nomenclature Re.l, Re.2, and 
Re-3 from the proximal to distal. The characters examined were:.. 
i?jrstxopodite Seiznent (Rea) 
The length from the right .lateral joint with the basipodite to 
the tip of the claw. (P5.1) 
The length of the claw from the inner joint with the wide part of 
the segment to the tip. (P5.2) 
The width of the claw at its base. (P5.3) 
The width from the inner, joint with segment Re.2 to the inner 
base of the arm. (P5.4) 
The length measured from the inner joint with segment Re.2 to 
the left lateral joint with the basipodite segment. (P5.5) 
The length from the left lateral joint with the basipodite 
segment to the joint with segment Re.2. (P5.6) 
The width between the basal joints with the basipodite segment 
(P5.7). 
Second 1xppodjte Segment (Re.2) 
Length from the outer basal joint with segment Re.1 to the outer 
joint with segment Re-3. (p5.9) 
Width given by a line drawn at right angles to and through the 
mid-point of character P5.9. (P5.8) 
Third Exopodite jment. (Re-3) 
a) / 
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P1 	 P2 
	
P3 	 P4 
Proximal comb 




Distal comb 	b 
a 
2OOi 
Fig, 20a., Tenora 1onicornia: -Male swimming limbs,. 
P1 P4 and geniculato right antenna (segments 16 - 20). 
Meriutic characters examined in the bionetric analyais 
were the number of teeth in the terminal spines P1 P4 





Fig.. 20b. Teuxora longicorziAs Male mouthparts and fifth limb. 
Continuously variable characters used in the biometric analysis 
for maxilla 1 and mandible spine and tooth numbers only are 
indicated; detailed character definitions are given on :pages 
39-40. 
Length of the segment from the outer basal joint with segment 
Ro.2 to the tip of the apical spine. (P5.11) 
Width given by a line drawn at right angles to and through the mid-
point of character P5.11. (P5.10) 
The problem of distortion of segments is one which occurs with 
mounting in a viscous, heavy medium when the cuticle is relatively thin. 
Once again a compromise is required in deciding on the mountant. By 
and large segments which are subject to distortion do not possess 
characters which are easily measured in the way which is desired here 
where so much ground has to be covered in the analysis. - There are 
undoubtedly characters which could be measured, setule counts and 
spacing for example, but the effort and time consuming techniques 
involved do not warrant the attempt in the present survey. Conse-
quently the loss of those appendages and parts of appendages subject 
to distortion was conceded in favour of the more robust. 
10'FEREXCE, DIIEISIONS AND ALLORY 
In the section concerned with preparation of specimens it was 
noted that prior to dissection the metasomo length of C. ty - icus and 
the metasome and furcal lengths of P. longicornis were measured as 
standard reference dimensions • All character measurements on 
individual organisms were standardised by relating them to the overall 
mean metasome length. The correction factor for standardising the 
data set of each Individual was calculated by 
Correction factor 	Individual }totasome length 
Overall mean uietasome length 
The aim of this standardisation is to remove the effect of size 
differences which are present in widely separated populations due to 
environmental conditions. It has long been known that the overall 
size / 
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size of a copepod is very highly correlated with temperature and that 
the relutionchip shows a marked seasonal cycle. A good example is 
given by Doevey (1960) who oxaninod the tomporature - body length 
relationship in Centroises typicus found in the western Mediterranean 
and in Temora lon9icornic found in Long Island Sound. 	She showed very 
high correlation coefficients and demonstrated that length could be 
calculated from tomperaturo and that calculated and observed values  
were very close. The use of metasomo length or total length is 
standard practice in biometric studies of copepod morphology and at 
the outOot of this study there was no evidence to suggest that the 
convention should be abandoned. Clearly where the populations are 
widely scattered in tI Recorthr survey area some means of standard 
isation is necessary. It was hoped that the residual variation would 
roprosent real differences between populations allowing for the normal 
frequency distribution of values within each population. 
It is necessary to discuss the influence and bearing of allometry 
on this study since allouotric relationships of appendages to each 
other and to any standard reference dimension can affect the inter-
pretation of the accountable variability. Allorietric relationships 
exist when specimens belong to, "successive stages in a particular 
ontogeny or whoñ the specimens compared are individuals of different 
size at some specific stage of development", (Teissier, 1960). 
The situation in crustaceans is very clear—cut since the 
dimensions in any individual are constant in the interval between 
moults but increase abruptly at ecdysio to remain unchanged until the 
next moult. The present study is considering only a single stage 
(stage VI adultcopopodites) and therefore the problem of allometry 
of growth does not arise. Allometry of size within this stage 
almost / 
43. 
alxaost certainly exists and may differ in its form or degree between 
populations. However, the problem being studied is simply that of 
charactorising and identifying populations and not the study of 
variability per 009 rather its use as a moans of separation. It is 
conceded that variability within populations may be influenced by a 
varioty of causes, of which allomotry is only one, but the multi-
variate statistical tcchniquos of analysis presented hero take into 
account total variability. The conclusion must be that while 
allomotry influences the results it does not disturb their validity 
within the terms of reforenco of the stud y . 
1ZjgODS OF ANALYSIS ,  
Two related approaches were used in exploring the moans of 
charectorising and classifying the members of different populations. 
The first approach was made using the principal components analysis 
which, although it gave some measure of success in distinguishing 
between populations did not e a) enable the precise definition of a 
population morphotype or, b) allow the subsequent classification of 
individuals. An example of the degree of separation achieved with a 
principal components analysis is given in Fig. 21. 
The second and main approach used discriminant function analysis 
and included two slightly different computational procedures. 
Discriminant function analysis is an extension of component analysis 
providing one or more functions which precisely define the population 
morphotype and from which are calculated the asan discriminant scores 
which soparte the two (or more) populations. In the classification 
proceduroc the individual data sets are inserted into a function of 
the typo 
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Fig.. 24 Pemàxa longicornius: Principal components analyEis 
of data (6 characters) for the Icelandic and North Sea populations. 
Component 1 plotted against component 2. 
where the coefficients 7s-. X11 Lave been calculated and x1-x are 
the character values in each individual data set. Depending on the 
value of Y it is possible to detorine the jrobubility of metibrehip 
of one population or another. It is also possible to compute the 
miocassificution ruts. Thus, the method improves on that of the 
simple principal coapoients analysis. 
'A-.-he first procetha 	:d to cocputo the discriminant functions 
was listed in the Bli program aanual (Dixon, 1367) as 
biscriinant analysis of evoralGroups". The version used here was 
prepared in 1966 at the Health ciences Computing Facility, University 
of California, LOS Angeles. In ildinburgh the prograu was run on the 
IBI %O/iO computer at the dinburgh Hcgional Computing Centre. 
Precise details of the stops in computation will be fouid in the B 
manual and it is therefore sufficient to give a brief account of the 
general form of the program. 
Data was prepared in the form Xjjk. whcro i = 1,2....g and g 
the number of groups, j = 1.2.,,bn,, whro n = the suiple size in 
the ith group and k = 1,2....p + q, where p + q = r = the number of 
variables. The variables were not tranoformed since they displayed 
normal aistribution and transformation was therefore unnecessary so 
that the first step was the calculation of the mean. A catrix of 
sums of products of deviations from the mean in each group and a 
pooled d.ipersiozi catrix were computed on this b..aia. The pooled 
dispersion matrix was inverted. L gonoralisod iahulunobis 
statistic (ahalanobis, 1930; 33ose, 1936) is rroduccd t'hich, assuming 
normality, can be used as a chi-square with zn(g - 1) degrees of 
freedom to test the hypothesis that the mans for the m variables 
are the same in all g groups. The coefficients and constants are 
computed / 
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coiputod for the g discriminant functions (i.e. the nuzabor of 
cr1innt fwictio'ie 	the nur.bcr ofCroups) . Each individual 
iata cot iii rub2ittod to each of the 43 dice icthiant functions an1 the 
probabilitioc of Croup oaborohip colculatod. a ozrnary claocifi-
catjeu Liatriz CIveo thn ror3ultn ac 'group predictod' aainot 'group 
entered' and the principal diaaonal ropreconts the number of oreniauis 
which have clacoified 	:pocted. 
Thc second cetbod uocd to compute to diocriainrmnt functiQnz was 
the thre-ctao prorau for multiple discriiuinant unalycie by ooloy 
and Lohnes (196) whore the procice details can be found. tain only 
the Pandamontal ctopc arc describod hero. £ number of advantages are 
offered by this rnothoC over the one jct doGoribod. The two moot 
1mporunt arc, ) the relative contribution of the original variables 
can be ebown, b) a tact of the sinificanco of the separation of the 
roupo by a particular diccriuinant function is porrniblo. Ono 
result of advantage (a) is that the nuibor of eharactore, and hence , 
to quantity of data needed for an adequate diecriaination, uay be 
reduced after an initial coeputution. 
One prob1c of diocriinunt analicis ic dcoidir lizo mnay 
dice Liiant functionc to uco in oubeequont clanoification aralyses 
and this proran providoo the ancer by choving the percontuo contri-
bution of each function to the separation. This is in direct 
contract to the 1 prorau whora all g functions are unod in the 
clac2.ficstion procedures (g = number of croups). 
ho prraa prcducoe Pultiple diocricinazit functions coaputod 
ac the vectors associated with tho latent roots of the dotorrninantsl 
equation 
- I I 	o (Cooloy, Lohinoc, 1%6) 
,,hero / 
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The individual character data sots are submitted to the discriminant 
functions and the discriminant scores are calculated together with 
the probability of group membership which is even in the form of a 
chi-square. The actual probability calculations use a series of 
complex 'rules' (Cooley and Lohnes, 1966) applied to the data and take 
into account the possibility of misclassification in a mixed population. 
It is again stressed by flulon (1954) and Rao (1952) that moderate 
departure from homogenous dispersion does not produce differences 
between the original test space and the results for classification 
based on reduced discriminant space. 
It is necessary, both for practical and theoretical reasons, that 
the boot characters should be chosen from the original character pool. 
The method requires that the character data should conform to certain 
statistical criteria before they can be used. The two criteria are 
that the data should be normally distributed and have common variance 
between the populations to be compared. The homogeneity of variance 
is examined by an P.Test in which the variance ratio of all pairs of 
characters is calculated using the smallest variance as the deno-
minator. Character pairs showing a significantly different variance 
are not considered further. The normality of the character data 
is examined by plotting the distribution graphically. There are 
no apparent departures from normal distribution and this is con-
sidered sufficient evidence for conformity to the criterioh As 
has been mentioned in the previous section, there.wci4d have to be 
very marked skewness in the distribution for there to be any adverse 
effect on the method. 
In the papers by Amos, Anus and Pearson (1963) and Pearson' 
(1964) / 
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(1964) on the pink ralron it le otetod that coon corrolatioA and 
licrity of z'cooion are loo required ac criteria for the 
validity of the character data 	The claceical docriptione of 
diocriiiiinent function analyeis mi ko no aention of this nocceoity and 
it ie difficult to oco jw3t ihat purpose would be corved by the 
computation. Priaarily correlation of the carcctorc will obo 
vhothcr or not they arc it cx'dopcndont 0 i 	V,ryinz in an oquivc 
lent zannor. 	tooion analyeio will dCfinQ the dQpendoneo of 
one character upon another in its variation. The-L,00 of thoco 
criteria in the above papero vay.be an attempt to take into account 
the veriability induced into the data by allomotrie rolationohIpe. 
In the proent work the vioi Ic takon that variation in the 
correlation of character paire botecon populutione ic a uoful 
difference. The otazidpoint on a11oetry hac been cp1ained. 
Therefore the correlation of character pairs wee oiai±nod hero no 
an aid to the practical c,loctIon of ckiaractero but ic not con 
aidorod ao a criterion for the aethod. The aatriccs of corro 
lation ccofficicnte botoon all pairo of chaructaro t:oro coputod 
for each population and coparad between populations. The, ethcd 
of coDn 	io .von by SolcU and Rohlf (1969) whore Fiehoro 
Ic calculated for each swiiplo and woItcd accordi to eatalc aico, 
A value denoted as X 2  i coputcd for each pair of correlation 
coefficionto and ic treated as 	when the fiireo are compared with 
ublichedX2 tablec (ichor and T.es 1)57) with g 1 dor0000f 
fVOCdoD q whore 	the number of groups or populationo0 If the 
values are none oiificent the ascuoption of coeon correlation ia 
acdo0 The study c rereesion of the charectero io not relevant to 
the prcccnt work and wac therefore not oained. 
The I' 
The practical selection of characters was made after the 
computations for conformity with the criteria of normality and 
common variance. The remaining valid characters were examined for 
high population mean differences after standardisation and for 
acceptable levels of standard deviation and standardorrol'. Tho 
selected óharacters were submitted to the preliminary iscriminant 
analysis whore, in the second method (Cooley and Lohnos approach), 
further selection woo sade possiblo by examining the relative contri-




Four suspected independent populations wore identified from the 
distributional data with their contrec located in standard areas Cl, 
D3, C4 and fllO. CQnsoquontly, samples were taken from those four 
areas to provide morphological data for the construction of morpho-
types by the statistical methods outlined abovo. 
lightoen cheractors from the geniculate right antenna and from 
the cholate fifth limb were found to be useful and those were submitted 
to the process of character ref moment. The moan, variance, standard 
deviation and standard error of each character were calculated and 
tabulated together with the nupber of specimens contributing to each 
analysis. The roulto are shown in Tablec 3, 4 9, 5 and 6 for standard 
areas Cl, D3 9 C4 and flO respectively. A comparison of character 
moans between standard areas Is given in Table 7 and the standard area 
character mean differences in Table 8. The F—test for examining the 
between areas character variance ratio is given in Table 9, whore a 
significant / 
1 	Data Appendix 1. 
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oinfict cifforeio is indicated by , 	or 	do 	o 
othor o ratio ie sicnificuat at the 5 1 or 01 love. I 
Lecor&oo with the firet critcrion of the MAhcdo thoee 01.ar3ctore 
diopic%yJap a ciaziificantlr different variance bott'oon populntiuELn 
nit comi&ercd furthor. Tho che1a character P5 (4) ehca an otrcmo1y 
al 3i ifiConco co 1-hat o in vic'' of ito largo taKldar(1 area 
difi'oncc, it was retained for zubLcquont analycie. Proquency 
diatriution hiototramc the noroulity of tho &tu for the oiht 
rxn charactere (Fi.22). 	ho toot for couon correlation tia 
carried out as indicatci and the ..00ulto are tabulated (eb10 xo). 
Xt can be oecm that none of tILz X valuce arc oiolAficant anr1 that 
therefore the association bothoen all pairo of charactore is the oaio 
for all popu].ationo. 
OnçQflQf the Dis jpt Func tpM. 
Throughout the account the population ciorphotypos are referred to 
by the standard area code depending upon the area in which the centre 
occurs. Only epecicsnc providing a full set of data wore used in the 
preliminary analysis of the four areas. The characters uc3d t'oro 
Prot.c, Diet .a and Dist .b from the Goniculate right antorna and p5(3), 
P5(4), ps(io), P5(39) and 115(43) from the fifth limb. 
Using the BID program four dioriinant functions were computed 
in the first run. 
7 = 2.2665x1 + 0.1767z2 3.9435x3 + 3.2561x4 + 2.0499 5 
	
1.4447z6 00352Z 	1.2716 
Constant = 	454 0464 
2.3240n1 0.1611z2 + 3.8769z3 + 304030i4 + 2.0939 
+ 1o64086 - 0.2297n7 + 1.2477x8 
Constant / 
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Fig. 22.. Centroages typ&cus:- Frequency distribution of 
the morphological characters used in the discriinant 
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CIflAC'2LR 0. OF 
SCIITIS 
VARXMICT T. DEV. ST • 11R0R 
Prox.c 59 43.3728 12.7551 3.5714 0.4648 
Djst.a 59 58.6949 18.6984 4.3241 0.5629 
59 40.0677 9.4091 3.0674 0.3992 
iint(a + b) 59 98.815 42.6715 6.5323 0.8504 
P5(1) 61 215.4132 85.7395 9.2595 1.1855 
P5(3) 61 64.2357 17.2600 4.1545 0.5318 
• 61 134.8349 45.1829 6.7218 0.0606 
P5(6) 61 92.6973 22.7597 4.7707 0.6108 
P5(7) 61 135.9114 69.3384 8.3269 100661 
61 134.4155 57.3335 7.5718 0.9694 
6(9) 61 54.1667 24.5810 4.9579 0.6347 
1;5(10) 61 82.8339 36.6390 6.0530 0.7749 
P5(38) 61 27.8218 910588 3.0097 0.3853 
p5(39) 61 51.6989 35.9690 5.9974 0.7678 
P5(40) 61 194.8306 215.0165 14.6634 1.8774 
P5(41) 61 26.6942 7.8981 2.8103 0.3597 
P5(42) 61 49.7672 19.4415 4.4092 • 	0.5645 
P4(43) 61 34.7555 14.0325 3.7459 004795 
oopeo typicus , Tho man, vriancc 3tcn&rd deviation und 
tazidard orrox of charcter chon fio tho ciicu1to right 




eA1LL.J IX. 02 
SPECflII 
VAitI.iC O 	V. A 
26 45769 10-5330 3.2146 
t.a 26 62.1153 23.7061 4.8638 0.9543 
iot.b 26 424230 7.6938 2.7737 0.5639 
,iot(a 	b) 26 104.7692 44.9846 6.7070 1.3153 
• 26 210.2750 92.2560 9.6049 1.883G 
26 61.0053 14.4671 3.8061 0.7463 
P5(4) 26 1329756 51.0556 7.1453 1.4012 
P5(G) 26 91.0883 22.2461 4.7165 0.9249 
26 10.7..80 2.8670 5.0359 04973 
26 123.7330 29.7031 5.4500 1.0663 
26 46.9026 14.8662 3.6556 07561 
26 77.7365 24.2205 4.9214 0.9651 
P5(38) 26 28.1600 9.5168 3.0849 0.604 
26 5.346 22.2687 4.7109 
P5(60) 26 187.1088 117.4271 10.8363 21251 
Y5(41 ) 26 27.8234 7.6976 2.7744 0.5440 
P5(42) 26 48.4569 11.8256 3.4388 0.6743 
26 34.6815 17.0751 4.1322 0.3103 
CPA'txpRkWE3 tqu fl.. The meaa varicnco, otaard deviation ad 
tendrd error of characters choon from tho gcmiculatO right 








NBAII VARIANCE ST. DEV. ST. LMa 
ro.c 54 42.3518 9.4776 3.0758 0.4189 
4it.a 54 56.429 17.7208 4.2096 0.5756 
iDt.b 54 38703 7.243 2.7612 0.6472 
iiot(C 	+ b) 54 95.5888 38.7704 6.2265 0.8472 
5(1) 60 221.4143 67.4749 8.2143 1.0604 
60 64.0735 15.9850 3.9981 0.5161 
60 141.9011 34.3539 5.8612 0.7566 
60 95.2863 23.5953 5.3474 0.6902 
60 130.8996 33.9096 5.8231 0.7517 
60 135.0833 41.4221 6.4360 0.308 
115(9) 60 52.1651 21.2121 4.6056 0.5945 
s(10) 60 78.546 27.2286 5.2181 0.6736 
P(38) 60 25.73C8 3.6545 1.9116 0.2467 
60 5101476 27.5358 5.2474 0.6774 
25(40) 60 195.9443 157.1985 12.5378 1.6186 
P3(41) 60 27.7690 609471 2.6357 0.5401 
P5(42) 60 49.8660 22.0403 4.6947 0.6060 
P5(43) 60 358368 14.7248 3.8372 0.4953 
gontropamp 	Tho man, variaco, rit&ndard deviation and 
otndrd error of charactors choeii frou tho goniculato rit 




CWRACTER STANDARD AREA CHARACTER MAWS 
Cl 	D3 	04 Nb 
43.7813 43.3729 45.5769 42.3519 
53.5313 58.6949 62.1154 56.4259 
1iit.h 41.2613 40.0677 42.4231 38.8704 
jot(a + b) 99.3126 99.4407 104.5385 95.2963 
1 208.0554 215.5160 210.2735 221.4153 
3 63.5965 64.2357 61.0053 64.0735 
4 13.0038 14.8349 12.7569 141.9011 
6 94.5462 92.7210 91.0888 95.4197 
7 130.4400 135.9131 130.6131 130.8895 
8 130.8753 134.4161 128.7288 135.0833 
9 47.6519 54.2536 46.9027 52.2002 
' 10 77.8208 82.8339 77.7865 78.6546 
33 26.7408 27.8218 28.1800 25.772 
39 56.0500 51.6989 58.8346 51.1473 
40 182.3662 194.8173 137.1023 95.9428 
41 26.1727 26.6943 27.3285 27.7690 
42 48.5465 49.6689 48.4569 49.8710 
* 43 35.2584 34.7556 34.6815 35.8368 
.Couparion of Stundard Area 	nc of 
eharrctoro In tho prelimnary e!Y1y9ic0 0 denotos tho 
ch3ractoro ch000i for the dicxoinwct ar1ysi. 
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ABLL 8 
CUL.RACR SANDPflD .âRDA UEAU DIFFERNCflS 
C1/D3 	C1/C4 	Ci/ElO 	D3/C4 	D3/E10 C4/E10 
* Pro.o .0.4084 1.7956 1.4294 2.2040 1.0210 3.2250 
* DiQt.a 0.1633 3.5841 2.1054 3.4205 2.2690 5.6895 
1.2136 1.1418 2.4109 2.3554 1.1973 5.527 
Dio(a 	• b) 0.3719 4.7259 4.5165 5.0978 4.1444 9.2422 
1 7.4616 2.2181 13.3599 5.2425 . 5.8993 11.1418 
> 5 0.6392 2.5912 0.4770 3.2304 0.1622 3.0682 
4 1.8261 0.2519 8.8984 2.0780 7.0723 9.1442 
6 2.1748 0.5426 4.8735 1.6322 2.6987 4.3309 
7 5.4731 0.1731 0.4495 5.3000 5.0236 0.2764 
8 3.5403 2.1470 4.2075 5.6873 0.6672 6.3545 
9 6.6017 0.7492 4.5483 7.3509 2.0534 5.2975 
10 5.0131 0.0343 0.7172 5.0474 4.1793 0.8681 
38 1.0810 1.4392 1.0036 0.3582 2.0846 2.4428 
39 4.3511 2.7846 4.9022 7.1357 0.5511 7.6368 
40 12.4513 4.7426 13.7766 7.7087 1.1253 8.8340 
41 0.5216 1.6558 1.7963 1.1342 1.0747 0.0595 
42 1.1224 0.0896 1.3245 1.2120 0.2021 1.4141 
> 43 0.5028 0.5769 0.5784 0.0741 1.0812 1.1553 
Cmtropptypicu: Character mean differences between Standard 




uo VARI1NCE RWIO 
C1/D3 	C1/C4 	Cl/nb 	D3/C4 	D3/110 C4/P,10 
Prox.o 1.1512 1.0722 1.1690 1.2343 1.3458 1.0903 
Dit.a 1.2938 1.0203 1.3652 1.2678 1.0252 1.391 
iot.b 1.2994 1.0626 1.0529 1.2229 1.241 1.0091 
Di3t(a + b) 7.0750 6-7i12 7.7069 1.0542 1.1006 1.1603 
1 1.7571 1.8907 1.3820 1.0760 1.2707 1.673 
3 1.0629 1.2663 1.1477 1.1914 1.0798 1.1034 
4 1.2545 1.4176 1.0434 1.1299 1.3152 1.4062 
6 1.69G 1.6374 2.1304 1.0231 1.264 1.2854 
7 200466 1.3097 1.0009 2.6806 2.0448 193109 
8 1.742 1.1131 1.2529 1.9302 1.3841 1.3945 
9 2.0484 5.3059 2.1137 1.6535 1.1588 1.4269 
10 1.6, 407 1.0390 1.2250 1.5127 1.3426 1.1242 
33 1.0245 10763 2.4192 1.0506 2.4788 2.6041 
39 101679 1.3829 1.1184 1.6152 1.5065 1.2065 
40 2.4595 1.,41 1.7979 
* 
1.8331 1.678 1.387 
41 
* 





2.7473 1.6444 1.1337 1.8638 
45 1045 1.108 1.2301 1.2168 1.0493 1.1596 
ptropaes tyiieu8: The results of the variance ratio (i?..test) 
test between standard areas. 	, , 	denote a significant 
difference of 5, 1 and 0.01 levels respectively. 
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TADLD 10 
iot.b 	115(3) 	P5(4) 	.(io) 	(39) 	p5(43) 
00%30 	0.7954 	2,3146 1.3072 2.5970 4.8823 1074ej3 
006573 	0,8192 2.58130 192.2.51 1.0147 ,099 
Diot,b 	1  3,2435 0.6765 5.7857 3.4111 4.coa2 
P5(3) 1.7035 1.52.96 2.1927 3.4954 
5(4) 03356 1e6321 2.2667 
r,-:; (10) sss 
)5(39) 2.G96 
 Rooults of tho'.cot of comon comolation. 
L11 vaiioo 31,0 onoiificant ciid o chcotoo ao o'o'ozo 
coion1y corzo1atoci b000 aoo. 
59. 
463.7405 
T = 2.4682x1 + 0.2430x2 + 3.9489x, 3.1475x4 + 2.004x 
+ 1.4303x6 + 0.134 7 + 1,25941-0  
nonstant 	457.7179 
Y = 2.1992x + 0.1546y2 + 3.7226 + 3.4076x, + 2.3605g. 
' 1,3170x 6  0.2273r7 + 1.2829. 
entiint = 	469.4404. 
The dath Bet for ouch Individu al or~,aniem iias oubnit tr~d to D11 
four fut1one cmd frog the d iritnt scoro the nbbi1ity of 
groun ronborchip wLs aoseszcd. A ouvLrary cia 	icctioi nntr 	C 
iven In ¶iahio ii. 
TABYL ii 
UnAL)r c 	ica'xoi 
GROUP 	LED I3 	• OF 
01 L3 04 L10 
• 00. lio. Wo. 
6 	50.00 1 	6.25 4 	25 3 	16.75  01 16 
U3 5 	11.11 28 	62.22 4 	8.C9 a 	17.78 45 
04 3 	17.5 1 	5.88 12 	70.59 .1 	5.68 17 
10 2 	4.5 4 	9.30 0 	0.00 37 	6.05 43 
Llentrom ~pn typicut: Clae3jficatjorl of samples froi the four 
population centrec uig the 31) pro gram. The Principal di a gonal 
ohowa the rpecirens which have clasoified correctly. 
A oecov1 run vas de uith the B EM progri in which the dath for 
UlO was ec1uded. A number of oaiitorn Atlantic epecitienc classified 
\c / 
60. 
as the LlO morphotype and it as decided to examine the situation 
without its influence. The matter is discussed in more detail in 
subsequent sections. The removal of one group meant that only thvoo 
discriminant functions were produced. 
7 2.2677x1 - 0.1597x2 + 3.2261x3 3.8365x4 2.2126x5 
0.9316x6 - 0.2611x7 - 1.1178x3 
Constant 	427.0769 
7 = 2.3747x1 0.1912x2 - 31064x -- 4.0085x4 - 2.2604x5 
-- 
 
1. 1164Z6  - 0.5264x7 -- 1.1205x8 
Constant = -443.0835 
7 = 2.4328x1 - 0.0908x 2 + 3.2426x.., + 3.7228x 4 + 2.1713x 
-- 0.9083x6  + 0.1882x7 + 1.0817x 
Constant = - 427.9307 
The data was acain classified by submitting individual data cots 
to the discri-minant fianctione and assessing probabilities of group 
membership. A sumxary classification matrix is 5Lven in Table 12. 
TABLE 12 
U1.2UARY CLAXS3IF1CATX0N UATRXX 
GROUP 
EXP';CTY1 
GROUP TTIVIED IT. 0)1 


















Classification of samples from tho three 
eastern Atlantic population centres using the BID program. The 





In the preliminary run the four groups, Cl, D3, 04 and ElO 
containing 16, 45, 17 and 43 sp3ciaens respectively worO oxaiinod with 
the Cooley and Lohnos (1966) nthod. The prograia computed. Uilkc' 
lambda (A) by obtaining the root of f1A and then calculated the 
eproeeiori 	i/j_' whore?, is the sigenvaluo. The Afor 
the four groups was 0.292 which was highly significant at the 0.001 
level. Thus the chance of producing group differences greater than 
or equal to this by taking four random samples from an eight 
dionsionnX multivariato data cloud 	less than we 	e houaand. 
thuuniiation of the latent roots of hs r'A 2atrin shows that 
the first ttio discriminant functions contribute 97-98 of the separating 
power. A ourry of the distribution of thene roots and the percentage 
cotpocition of the trace is shown by Table 13. The first two discri- 
anant functions ere- 
Y 
	
	- 0.l02 - 0.3Cz? + 0.33x4 + O.53z5 - 0 . 28 6 
- 0.28z 6  0.04z a 




The scaled vectors (Table 14) indicate that the greatest contri-
butionto,soparation of the groups uloyig the first discriminant 
function is givon by characters i5(3) and P5(4) and the greatest 
contribution to oipuration along the second discriminant function by 
cherctero 15(3) and 15(10) 	i'roiu this it.is clear that analysis 
could ho reduced to that of tirce characters and be bacod on tha 
iirnt two diccriuicnt functions. 
The program was rorun uciu t . lic data for characters 1(3)' P5(4) 
and 15(iO). 	'i1ke' lulabda was O49 which wac sinificnt at the 
o.0o1,j / 
1 	Data in Appendix 2. 
TABLE 13 
3UIThIARY OF DISCPM-IIIMNT AiALYSI8 
:aeo 
T1flUUT. 
ROOT OF W 
IVIR$E Li 
OF 	RACE ACCOUNT1D 
FOR BY IiiCH ROOT 
CULiULiTIVE 
OF TRACE 
1 1.0933 64.0600 64.0600 
2 0.5798 339209 97.9809 
3 0.0345 2.0188 99.9997 
0.0003 0.0181 100.0000 
_tyi 	iocia1nant arialyeie of eap1oe from the 
fo 	pu1atione by eooloy and Lobnoe method. The',able ehoa 
the influence of each dicrimiant fuaotion in eoparatinG the 
populations. 
TABLE 14 
SCALED VECTORS FOR THE FIRST FOUR DC1I1L 	tRCIOS 
flCAJI) Vi?CTOi 
-roz. c -.11.97 1.80 31.74 14.92 
Dir3t.a -.4.75 -.4.06 12.10 -20.2 
Diet.b -11.38 2.81 -7.76 16.7 
F5(3) 13.80 14.12 -6.79 22.68 
40.57 -16.48 11.28 3.39 
46.47 44.43 1.71 2.17 
P5(39) -28.73 -31.04 13.05 6.12 
25(43) 1.69 -.2.91 -.3.08 -8.21 
omqIgs _typjcpj The influence of each of the oiht 
cberactore used in the discriminant analyie is ehown by 
the acalod voctoro. Characters may be reduced in number 
by eo1ootin the'bihoot pooitivo valuca of the sc1ed 
voctoro for funoti.ono I and II wbich account for 97-980 of 
the oepratinc power (coo Tablo 13) 
63. 
TABL2 15 
bUAIIY Oi? ISCRLINAIT 
NUMBER 
ROOT OF W 
INVERSE A 
01" 	ACCOUTD 
FOR BY EACH ROOT 
C1JULITIVL 	. 
OF TRACE 
1 0.6887 78.6461 78.8461 
2 011819 20.8267 99.6728 
3 0.0029 0.3271 990-9999 
Centropaee typicus: The results of re-running the Cooley und 
Lohnoo program using only throG characters. The discrimination 
is largely accounte6 for by the first two .discriminant fur.ctions. 
TABLE 16 
CALE1) UCTO FOR FIRST ThRLL DIS01IUiNA1T 1U1CTIOS 
CHLRACTLi. CALLD VC.O16 
I 	II III 
P5(3) 5.81 -34.94 -37.C4 
15(4) 47.68. -18.46 20.02 
1'5(10) -42.57 -29.23 22.58 
Centropagos typicus: The scaled vectors for the first three 
discriminant functions using three cliaractoes.' P5(3) and 
P5(4) have the greatest influence in the separation in the 
first function which accoits for 78 of the separation (see 
Table 15). 
64. 
0.0034i level. The roote of 	are shown in Table 15 where it io 
again demonstrated that the first two discrieincnt functione contribute 
most of the diecrimiatin powor, i.e. 99.67. The scaled voctox'o 
are a! ow, in Table 16. 
The data from the first to stagee of the 2othod were uciod to 
clacify 443 opocione representing ciuithe eacitorm Atlantic otu!ldard 
areas in tihich C. typicuo occurred in 1961. The classification uaa 
hceod on the four oetablihod ophotyo. The clacoificction of the 
o&mploo fron the population ccxitrco n ot.murd arcxr3 Cl D3 and 04 Is  
shown in a oinmary table (aho 17) whore it io clocT that ctanOar( 
Cron Cl does not .cicxL3cify cc the Cl aorphotypo but is a]noct oquciuly 
divided bot'een the D3 and U,310 morphotypo. The results of classi. 
fyinf, the rrct of the 1961 otendLrd area datu are procontod co plo-




GOJ 1U1 	O? 
SECII1  Cl D  04 Blo 
ico. o. 	. Io. 1,10. 
Cl 1 	4 9 	36 4 	16 11 	44 23 
D3 1 	1.64 38 	62,30 8 	13.11 14 	22.95 61 
04 0 	0 6 	23.03 12 	46.15 8 	30.77 26 
C1acIfiction of oacplcc from the oactcrn 
Atlantic population controo baced cc four uorphotypoo using the three 
charactoro 1-5(3), P5(4) and P5(10), Koto that Cl dooc not c1acify 
corroctj in thic coc. 
DX3CUSSI0'J 
Et is clear froci the roculto of applyine these two methods that 
ooio dioparity exists betwoon them in their varying  degree of cuccooc 
in / 
65, 
Cl niorphotype 	C4 morpbotype 
0 	LJ D3 niorphotype 	ElO inorphotype 
Fig. 23. Centropagés typicus: Percentage 
àonipäsition of eastern Atlantic standard 
area samples (all months, 1961) classified 
in terms of the four population morphotypes 
using data for three morphological characters.. 
0 
in classifying the Cl morphotype. To compare the two methods the 
Cooley and Lohnos program was used with the same eight characters as 
the preliminary BIM run. The suznnary classification maticco are 
shown in Tables 18a and 18b and it is immediately obvious that the 
Cooley and Lohnse method fails with area Cl but that the o. c&sc rate 
with tho other morphotypee is increased over that for the DUO prograv_- 
Thoro are two posoiblo reasons for this firstly the characters used 
to define the (l morphotypo nay not be adequate, despite their con-
formity with the refinement criteria, either in nuaber or as ropro-
contativoo of the merphotype; secondly there ight be sous stetiotia1 
reason attributable to the different approach of the two methods, 
Investigation of the first reason would require returning to the 
specimen and oxai mining, it and its appendages for further characters 
to test. It is difficult to see why the characters used hero with 
marginal success only, even with the ULM program, should separhte the 
other norphotypos so adequately. A possible reason for the diocro-
puncy arising as a result of different statistical approaches is much 
more likely. Ixiuum discriminating power is achieved only with all 
'g' (equivalent to the number of groups) discriminant functions (Kendall, 
1966) and thoreforo tho Cooloy and Lobnes program sacrifices aoe of 
this power in reducing the number of functions. The highly signi-
ficant value of Lilko' lambda in the face of this can be explained by 
the fact that it is calculated on the pooled data in which the failure 
to discriminato one morphotypo may be aisguiaed by the very highly 
significant separation of the others. 
Despite these differences both wothods chow that the four 
uspcted indepondont populations of 	icüo rocognised in the 
distributional studios can be identified morphologically using eight 
characters / 
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characters. There is also some evidence for overlap in the occurrence 
of the four morphotypes which is not unexpected at this low taxonomic 
level but which does require some explanation. The term 'niorphotype' 
suggests that the type, D3, for example, with a particular set of 
statistically recognisable characters, belongs to a particular area or 
location and that its occurrence elsewhere means that it has either come 
from that area or has been produced by others from that area. In the 
results for pooled 1961 data where the particular population centre 
samples and all standard area samples were classified it would not be 
surprising to find a mixture of types in the eastern Atlantic populations 
since they all overlap to varying degrees. However, the presence of 
the ElO type in the eastern Atlantic, when it has been shown that there 
is only a very tenuous link between there and the western Atlantic 
population, suggests that some other factor is operative. 	That other 
factor is, of course, the 'genotype'. It is almost certainly the 
case with the present evidence, that the four morphotypes are geneti-
cally bound and, that the preponderance of one genotype over another 
leads to a classification which results in the presence of the ElO 
morphotype in the D3 area, for example. In Fig. 24 pie-charts - are 
given which represent the percentage composition of morphotypes in each 
of the standard areas containing population centres. The primary aim 
of the second run with the BMD program was to examine the distribution 
of the eastern Atlantic morphotypes in the absence of the ElO influence. 
Of the members of the Cl morphotype which had marginally classified as 
the ElO morphotype, seven reclassified correctly (i.e. as the Cl 
morphotype) and one as the C4 morphotype. In the C4 population, the 
one specimen classified as the ElO morphotype in the first run 
reclassified as the Cl morphotype. 
samples / 




LI ci morphotype  
D3 motphotype 	 ElO morphotyo 
Fig. 24-t Cents tvDicuoz Percentage composition of samples 
from the standard areas containing the four population centres 
(all months, 1961),. Classification based on four morphotypes 
using data for eight morphological characters. 
TABLE 18 
a) 




Cl D3 C4 ElO 



























COOLEY & SUMMARY CLASSIFICATION MATRIX NO. OF 
LOHNS SPECIMENS 
GROUP GROUP ENTERED 
Cl D3 C4 ElO LXPECTED 
No. 	% No. 	% No. No. 	% 
Cl 3 	18.75 3 	18.75 6 	37.5 4-' 25.00 16 
D3 2 	4.44 32 	71.11 2 	4.44 9 	20.00 45 
C4 1 	5.88 2 	11.76 13 	76.47 1 	5.88 17 
E10 0 	0.00 4 	9.30 0 	0.00 39 	90.7 43 
-j 
Centropages typious: 	Comparison of results of classifying samples 
from the four population centres using eight characters. a) shows 
the result of applying the BMD prpgraa and b) the result of applying 
the Cooley and Lohnes program. The principal diagonals show the 
specimens which have classified correctly. 
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Cl morphot'pe- 	4inorpbote 
U D3 inorphotype 
Fig.. 25.. CentrotaReB tyicus: Pe?centage 
composition of samples from the standard 
areas containing the three eastern Atlantic 
population centres (all months, 1961)., 
Classification based on three morphotypes 
using data for eight morphological characters. 
samples is given as pie—charts in Pig, 25. An examination of Fig. 23 
shows that if the C4 and ElO morphotypes, while, they are quite distinct 
in themselves, are considered as Atlantic morphotypee and if the Cl 
and D3 morphotypea are considered as the neritic/North Sea morphotypes 
the pattern is not dissimilar to that found in other zooplankton, e.g. 
Acartia claueii (Colebrook, 1960). The areas Cl and C2 in the northern 
North Sea and the other neritic areas on the Atlantic seaboard of the 
British Isles are influenced by the Atlantic morphotype. 
It must be concluded that despite some difficulty in explaining 
the reason for the separations the classification of the morphotypes 
was successful. Further discussion on the maintenance of , population 
boundaries, possible isolating mechanisms and the taxonomic standing of 
the groups is given in the conclusion to the thesis. 
b) Temora longicornia 
One of the conclusions drawn from the results of the study of 
C. tyicua was that the preliminary search for characters was not 
sufficiently exhaustive and the presumption that highly modified 
appendages would naturally provide variables sufficient to discri- 
minate between the subepecific populations was in error, In view of 
this a wider range of appendages, and consequently charctera, of 
T. longicornia was examined. It was still necessary, however, to 
concede the loss of appendages and characters susceptible to 
distortion. A not of 36 characters was established upon which to 
base the preliminary analyses and refinement. The morphotypea were 
constructed on semplea of fifty specimens from each of the population 
centres referred to as American, Icelandic and North Sea. 
The mean, variance, standard deviation and standard errors of 
all 36 characters for the three populations were calculated and are 
tabulated / 
1 	Raw data Appendix 4. 
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TABLE 19 
CHARACTER NO • OF 
SPECIMENS 
IAN VAR WCE ST • DEV. ST .ERROR 
Prox. c 49 22.0400 5.0800 2.2500 0.3100 
Dist. a 44 10.0477 1.7941 1.3394 0.2017 
Dist. b 46 10.0500 2.0527 1.4327 0.2111 
Dist(A + b) 44 20.0386 4.4805 2.1167 0.3190 
1id.1 33 5.8606 0.9737 0.9867 0.1717 
Md.2 33 10.3666 0.6147 0.7840 0.1363 
Md.3 33 8.2787 2.3861 1.5447 0.2688 
Nd.4 33 9.9545 0.8613 0.9280 0.1615 
Nd.5 33 20.5303 6.3771. 2.5252 0.4395 
33 30.8303 5.1909 2.2783 0.3966 
Mxa.1(1) 34 32.7529 5.5177 2.3489. 0.4027 
I1xa.1(2) 35 36.2228 5.2377 2.2866 0.3867 
!lxa.1(3) 35 29.6028 5.5020 2.3456 0.3964 
uxa.1(4) .35 31.1800 4.9357 2.2216 0.3754 
!lxa.1(5) 35 28.2200 3.4916 1.8685 0.3157 
1.'Axa.1(6) 34 32.2764 4.1436 2.0355 0.3489 
Mxa.1(7) 35 35.8714 9.9426 3.1531 0.5329 
I.Ixa.1(8) 34 34.8606 12.2012 3.4930 0.6080 
Nxa.1(9) 33 44.1000 10.3550 3.2179 0.5600 
Nxa.2(1) 28 74.2642 23.9297 4.8917 0.9244 
Lixa.2(2) 28 92.5535 27.5596 5.2497 0.9920 
P1.TSp. 33 9.5854 1.2674 1.1257 0.1959 
P2.T3p. 34 18.6176 3.7342 1.9324 0.3313 
P3.TSp 49 . 	24.3959 6.8862 2.6241 0.3748 
P4.TSp. 32 27.7968 6.8080 2.6092 . 0.4611 
P5(1) 45 132.1600 50.1733 7.0833 1.0558 
,7p. 
TABLE 19 (continued) 
CJlLCTL OF VAiUALCC S0 DO. 10. 	11100-711 
P5(2) 45 890155 252290 5.0228 0.7437 
P5(3) 45 18.8511 3.6243 1.9037 02837 
P5(4) 46 347304 8.5194 2.9188 04303 
V5(5) 46 51.S217 27.2706 9.2221 0.7699 
P5(6) 46 43.5956 131164 3.6216 05339 
P5(7) 46 24652 16.7649 4.0944 0.6036 
46 26.6369 8,2601 2.8704 0.4236 
46 63.2717 1.4207 42919 0.6327 
P5(10) 43 18.9955 48808 2.2092 0.3292 
P5(11) 45 64,9400 14.6533 3 8 279 0.5706 
¶cmora 1onicorni 	The oan 9 variance, .otandard deviation and 
standard orror of charactero choson from the goniculato right antonnci, 
tho mandible, the maxillao and the oiiinxning limbs, 	Icelandic 
population, 
71. 
CILCRACTEfl IJO. 	oil, 
LCX1LLS 
14 VAMANCE ST. DEll. ST. ERROR 
Pz'ox. c 28 20.6000 7.1059 296656 0.5036 
Dt0 a 17 9,9117 2.0636 1.4365 0.34b2 
!it. b 19 10.2736 1.8631 1.3649 0.3130 
Diot(a+ b) 20 19.8750 6.6609 2.5608 0.5770 
37 4.9216 0.5023 0.7087 0.1161 
d.2 38 9.873 1.7737 1.3318 0.2158 
Ed.3 39 8.5512 1.7994 1.3414 0.2147 
38 9.3042 0943 0,9665 0.1565 
2d.5 37 19.621 2.5907 !..6095 0.2645 
36 29.5777 3.1463 1.7737 02954 
42 31.9452 4.1752 2.0433 0.3152 
1Jz0.1(2) 40 36.1500 4.4605 21119 0.3339 
ixa.1(3) 42 9.5095 4.4535 2.1103 0.255 
u.1(4) 40 31.9075 5.1350 2.260 0.3581 
39 28.897 5.1930 2.2788 0.3648 
1(6) 34 33.0470 7.0134 2.6482 0.4540 
IJza.1(7) 35 35.1571 7.5689 2.7511 0.4649 
31 36.0718 9.8382 3.1365 0.5544 
1(9) 42 43.0904 11.3116 3.3632 0.5189 
45 76.0666 17.6613 4.2025 0.6264 
45 94.6155 21.9404 4.6840 0.6982 
35 9.1142 1.2659 .1.1251 0.1900 
I2.Tp. 40 16.5750 1.7701 1.3304 0.2102 
r3.'Sp. 42 20.1976 3.1987 1.7884 0.2758 
P4.0p. 39 ?4.0102 4.7256 2.1738 0.3479 
46 136 .8800 43 .9825 6.6319 0.9885 
72. 
TABLE 20 (continued) 
CHARACTER NO. OF 
SPECXINS 
IMIAN VARIANCE ST.. DEV.. ST.. EIIROR 
P5(2) , 46 94.5422 39.3788 6.2752 0.9354 
P5(3) 45 17.2318 3.8003 1.9494 0.2937 
P5(4) 50 35.0428 6.7545 2.5989 0.3712 
P5(5) 50 51.9755 10.3539 3.2177 0.4596 
P5(6) 49 45.6166 6.0622 2.4621 0.3552 
P5(7) 50 22.8326 6.1009 2.4700 0.3528 
P5(8) 47 23.3913 7.4399 2.7276 0,4021 
P5(9) 47 66.1760 10.1485 3.1856 0.4696 
P5(10) 46 17.4177 6.2051 2.4910 0.3712 
p5(11) , 46 66.1311' 6.2717 2.5043 0.3732 
Toiiora longicorniog 	The mean, variance, standard deviation and 
standard error of characters chosen from the geniculate right antenna, 




CHARACTER NO. OF 
sPEcImNs 
NEAN VARIANCE ST. DEV. ST. EiRO1t 
?rox. o 42 18.7441 5.0353 2.2439 0.3421 
Mat, a 40 8.8073 4.3741 2.0914 0,3264 
Mat. b 40 8.9725 1.7882 1.3372 0.2114 
Diat(a + b) 40 17.6050 5.8979 2.4285 '0.3839 
43 5.5534 1.0963 1.0470 0.1593 
Md.2 43 10,7651 1.9318 1.3898 0.2118 
M.3 43 10.2279 '2.6977 1.6424 0.2503 
43 10.3906 1.4237 1.1931 0.1619 
1.1d.5 	' 43 21.5488 9.3620 340597 0.4665, 
42 33.1116 6.9905 2.6439 ' 0.4031 
Mxa.1(1) 43 34.6883 5,4939 2.3439 	,' 0.3573 
Mxa.1(2) 44 38.1113 6,1108' 2.4720 0.3725 
Mxa.1(3) 44 31.2045 4.4757 201155 0.3189 
ixa.1(4) 45 .  33.1288 5.3752 2.3184 0.3455 
1xa.1(5) 44 	, 30.0886 4.3666 2.0896 0.3149 
Mxa.1(6) 43 34.0209 6.3764 2.5251 0,3849 
40 36.8631 8.1169 2.8490 	, 0.4504 
Ixa.1(8) 37 ' 36.7000 12.2861 3.5051 0.5761 
xa.1(9) 41 	, 46.4512 10.2625 3.2035 0.5002 
Mxa.2(1) 45 79.0466 27.7680 5.2695 0.7854 
1Ixa.2(2) 45 97.6200 28.3807 5.3273 0.7941 
P1.TSp 39 11.0384 2.6529 1.6287 0.2607 
P2,TSp. 42 24.6097 6.8539 2.6179 0.4087 
P3.Tsp. 45 24.4111 6.6464 2.5780 . 	 0.3841 
P4.TSp. 45 '29.7155 12.3095 3.5084 0.5229 
P5(1) 	, 44 132.9681 33.9878 5.8299 0.8788 
7.. 
ThDLE 21 (continued) 
CIIAIC PER 10 	01? 
sPrcxIErIs 
1'1EAN IThRWTCE ST • D1V • ST • ERROR 
44 89.0477 2€,2979 5.3195 0.8019 
P5(3) 44 176681 3.1138 1.7645 0.2658 
P5(4) 44 39.8316 5.5371 2.3531 0.3546 
P5(5) 44 52.3340 6.1878 2.4875 0.3749 
P5(6) 44 45.6477 5.0016 2.2364 0.3370 
P5(7) 44 23.3386 3.8331 1.9578 0.2951 
43 23.2162 200342 1.4332 0.2134 
P5(9) 43 64.3674 11.6512 3.4104 0.5200 
P5(10) 42 17.0238 2.4486 1.5648 0.2414 
P5(11) 42 61.8095 9.3755 3.0619 0.4724 
Temora londcornisso 	The mean variance, standard' deviation and 
standard orrorof characters chosen from'the geniculate right antenna, 




cRAcTr P0IO2 CWCTLR ITI;1110  
ICaAID 	ARICLJ NORTH SEA 
Prox. c 22.0400 20.6000 18.7441 
)jot. a 10.0477 9.9117 8.8073 
Diet. b 10.0500 10.2735 8.9725 
Djct(8 + b) 20.030-6 19.8750 17.6050 
5.8606 4.9216 5.5534 
9.6763 10.7651 
8.2787 8.5522 10.2279 
9.9545 9.3842 10.3906 
20.5303 19.6621 21.548 
30.803 29.5777 351116 
32.7529 319452 34.6833 
36.2228 3691500 ,3.1113 
.iX3.1(3) 
 
29,6020 29.5095 31.2045 
3116C0 31.9075 33.1288 
mc.1(5) 28.2200 28.897 300536 
32.2164 33.0470 34.0209 
35.8714 35.1571 6.861 
34.8606 36.0710 36.7000 
44.1000 43.0904 46.4512 
xa.2(1) 74.2642 76.0666 79.0466 
92.5535 94.6155 97.6200 
9.5854 91142 11.0304 
P2.p. 18.(17 16.5750 24.6097 
P3.3p. 24.3959 201976 24.4111 
P4.p. 27.7968 24.0102 29.7155 
p5(1) 132.1600 136.6000 132.9631 
76. 
TABLE 22 (continued) 
CHARACTEA P0ULTI0N CMRACTER LiS 
ICLATh 110fl 	EA 
89.0155 94.5422 89.0477 
15(3) 18.8511 1702318 7.6681 
115(4) 34.7304 38.0428 39.8318 
P5(5) 51.9217 51.9755 52.3340 
P50) 4305956 45.6166 45.6477 
25.4652 22326 23.3386 
P5(6) 26.6369 23.3913 23.2162 
P5(9) 63.2717 66.1760 64.3674 
18.9955 17.4177 17.0238 
P3(11) 64.9400 66.1311 61.6095 
çpra 1ontcicornis: 	Comparison of population 
character moans in tho preliminary analysis. 
77. 
TABLE 23 
CHARACTER POPULATION MEAN DIFFERENCES 
ICE/AMER. 	ANER/N.S. 	ICE/N.S. 
Prox, c 1,4400 1.8589 3.2959 
Dist. a 0.1360 1.1044 1.2404 
Dist. b 0.2236 1.3011 '1.0775 
Dist(á + b) 0.1636 2.2700 2.4336 
Dldl 09390 0.6318 0.3072 
0.4903 0.8888 , 0.3985 
IWO 042727 1.6767 1.9492 
Id.4 0.5703 1.0064 0.4361 
14d.5 0.8682 1.8867 . 	1.0185 
Ild.6 	.• 1.2526 3.5339 2.2813 
• 	:a,1(1) 
 
6.8077 2.7431 :19354 
Nxa.1(2) 	. 0.0728 .1.9613 1.8885 
MZ5.1(3) 
 
0.0933. 1.6950 1.6017 
0.7275 1,2213 	, 1.9488 
Nxa.1(5) 001697 1.6989 1,8686 
1Ixa.1(6) 0.7706 0.9739 1.7445 
Ixa.1(7) 	' 0.7143 1.7060 0.9917 
I1xa.1(8) , 1.2112 0.628 1.8394 
Nxa.1(9) 100096 . 	3.3608 2.3512 
I1xa.2(1) 1.8024 2.9800 ' 4.7824 
• Mxa.2(2) 	' 2.0620 3.0045. , 	5.0665. 
P1.TSp. 0.4712 1.9242 1.4530 
P2.TSp. 20426 	' 8.0347- • 5.9921 
P3.TSp. 4.193 / 	4.2135 0.0152 
P4.TSp. 37866 5.7053 1.9192 
P5(1) .. 	4.7200 3.9119 0.8081 
78. 
TABLE 23 (continued) 
CHARACTER P0PULATX01 PMAN DIFFERENCES 
I CE/ADM R. 	AIM R/N0S. 	ICE/LS. 
P5(2) 5.5267 5.4945 0.0322 
P5(3) 196193 0.4363 1.1830 
25(4) 3.3124 1.7890 0.4123 
P5(5) 0.0538 0.3625 0.4123 
25(6) 2.0210 0.0311 2.0521 
25(7) 2.6326 0.5060 2.1266 
25(8) 3.2456 0.1751 3.4207 
P5(9) 2.9043 1.8086 1.0957 
p5(10) 1.5778 0.3939 1.9717 
p5(11) 1.1911 4.3216 3.1305 




CHiLRACTEIt BE, TiJEEN POPUUTIO14 VARIANCE RATIOS 
1C1/AUER. 	AM, /I.S. 	ICt/LLS. 
Prox. c 1.3987 1.4112 110088 
Dist. a 1.1502 
** 
2.1196 1.5598 
Diot. b 1.1017 1.o418 1.1479 
Diot(a + b) 1.4866 1.1293 1.3163 
M.1 1.9384 2.1825 1.1259 
2.8854 1 10891. 
* 
3.1426 
1cl.3 1.3260 1.5003 1.1305 
1.1I.4 1.0847 1.5238 1.6529 




ia.1(1) 1.3215 1.3158 1.0043 
flxa.1(2) 1.1742 1.3699 1.1666 
;xa,1(3) 1.2354 1.0049 1.2293 
flxa.1(4) 1.0403 1.0467 1.0890 
xa.1(5) 1.4872 1.1893 1.2506 
Nxa.1(6) 1.6925 1.0998 1.5388 
rxa.1(7) 1.3136 1.0724 1.2249 
r'lxa.l(8) 1.2401 1.2488 1.0069 
?ixa.1(9) 1.0923 14022 1.0090 
Nx.2(1) 1.3549 1.5722 1.1603 
!.xa.2(2) 1.2561 1,2935 1.0297 
P1.TSp, 110011 2.0956 2.0931 
P2.TSp. 2.1095 3.8720 1.8354 
P3-TSP. 2.1528 2.0778 1.0360 
P4.TSp. 1.4406 2.6026 
** 
1.8080 
P5(1) 1.1407 1.2940 1.4762 
1 A3L 24 (coitinuod) 
ChALuJCThL. BE1EU! POP L(TI0LS VARXICU RATIO$ 
MiL/W.5 
25(2) 1.5608 1.915 1.1216 
P5(3) 1.0485 1.2204 1.1639 
P5(4) 1.2612 1.2198 14386 
P5(5) 2.6338 1.6732 4.4071 
P5(6) 2•16g 1.2120 2.622 




P5(9) 1181 51 1.1461 1.5837 
1.2713 2.5341 1.9933 
P5(11) 2.33 4 1.4948 1.5629 
Apv. 	The reeulte of the variance 
ratio (F-test) toot between populations. 	• 
denote a significant difference of 5o, 1j' and 0.1 
reepec tivo1y 
81. 
tabulated in Tables 19 20 and 21 for the Icelandic, American and 
north Sea populations respectively. A table of character means for 
comparison botticoxi populations is given in Table 22 and the population 
moan differences in Table 23. The F-test for examining the botticon 
populations character variance ratios is given in Table 24 there 
significant .differences at the 555, 1% or 0.1 levels are denoted by 
or ° roepectively. As before characters displaying signi-
ficant differences inther variances between populations were droppod 
from further consideration. 
In contrast to the analysis of the 	 ypicu data the populations 
of T. 1ongcornis tiers considered in pairs. There were three reasons 
for this epprQach a) th6 consideration of population pairs only 
released more data for their comparison (so Table 24) b) the species 
is a very marked neritic'type and there is positively no link exchange 
or interface between the eastern and western Atlantic groups. In 
consequence the separation by discriminant analysis of these two groups 
is purely academic, c) the greater number and choice of characters 
available to discriminate between the Icelandic and Worth Sea groups 
which mix over a large area 	To consider all three populations in the 
sane analysis would mean the use of only 15 characters whereas the use 
of pairs allows the use of 22 characters in the case, for endoplep of 
the Icelandic and North Sea pair. 
Frequency distribution histograms are given in Fig. 26 for the 
characters used in the three population pair comparisons and these 
demonstrate the normality of the data. The tests for common corre-
lation tiers carried out on the matrices of, character correlation 
coefficients and the results are tabulated in Tables 25 26 and 27, 
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Fig.. 26. Temora lonicori:. Frequency distribution of the 
morphological characters used in the discriminant function 
analysis of three populations. 
correlated are indicated. The view and standpoint takon on this 
point have been outlined in the section of "Character ofinoment". 
TABLE 25 
TEST FOR COIZION CORRDLATXOW BETUM211 PAIRS OF CHARACTERS 
Diat(a + b) 	id.(6) xa.2(2) za.1(9) P5(4) 
Pron. c 	8,06 	0.29 15.38 5.64 0.09 
+ b) 	0.06 19.58 14,60 0.01 
:id.(6) 6.39 0.64 5.13 
1-'1Ke.2(2) [7.l5 0.9 
xa.l(9) 	I O.9 
Results of comparing the matrices of the 
correlation coefficients of 6 characters taken from the Icelandic 
and North Sea populations. Significant differences are indicated, 
Construction of the Discriminant i'unctione 
othod 1 
a) Comparison of the Icelandic and North Sea Populations. 
The six characters with the biggoet population mean difforences 
were chosen from the 27 available and tioro. 
Prox. c, Diet (a + b), Ud,6 Uxa.2.2, Uxa.1.9 P5.4. 
The two discriminant functions computed by the BD program tioro- 
Y = 1.9467z1 + 3.4777x2 2.0310z3 + 1.4937K4 
+ 1.5279x5 + 4.0182x6 




TIT FOR COIOLJ C0RR1LATION BETWEEN PAIRS OF CHARACTERS 
P5(2) 	P5(4) P5(8) Prox. c TSp. 	P4 
P5(1) 	0.3743 	0.1156 1.6277 0.7659 1.1303 
P5(2) 	].2905 0.9831 0,3987 0.1824 
15(4) 0.1268 0.4119 0.1236 
• 
P5(8) 0.8764 0.4392 
Prox. a 0.1436 
Temora longicornis: Reu1ts of comparing the matrices of 'the 
correlation coefficients of 6 óharaOtera taken from the Icelandic 
and north American populations. Significant differences are 
indicated. 
TABLE 27 
TEST FOR C0IION COflELTI0I'I BETULUN PAIRS OF CHARACTERS 
Dist(a + b) 	xa.2(2) flxa.1(1) P5(2) P5(11) 
Prox, C 0.3013 0.0198 0.3243 3.4167 0.0744 
Dist(a + b) 0.4182 0.6774 0.0070 2.3768 
1-xa.2(2) I 0.0053 0.3731 0.3123 
Nxa.1(1) 	0.5557 1.2218 
P5(2)1 1.1866 
Temora 1oniooz'nis: Results of comparing the matrices of the 
correlation coefficients of 6 characters taken from the North 
Sea and North American populations. 3iiificant differences are 
indicated, 
UP 
ii.) Y = 0.9967i1 4. 	 + 2.2079 3 + 1.7052i 4 
+ 1.4532 	4.6290z 6 
Conetat 	- 282.0273 
The ouary ekeeificatioi etir io aivcri in Tablo 28. 
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noxa 	ClaQoiuication of oatploo frog the Xcolaiio 
and floth Sca pop atione ixiv the WD program on 6 chaector, 
The principal diagonal thoo the cpciuenn which hcvo clueoifiocl 
correctly. 
b) Comparison of the Icelandic and North Aericaxi populations. 
The charactoro chosen from the 24 available were- 
5.l, ?5.2, P.4, P5.8, Pro. c, TSp. 114. 
Uith the aao computational treatnt these characters yielded 
the following two cliscrirninint funxtiono:- 
SI 1.4175 + 0 o 2566 2 t 2.9235 	l.929lt4 
c' 2.0257I5 + 5.0422n 6 
ConctLat 	—273,3274 
SI 1.4288a 1 + 0.4177z 2 3.3665I3 o. 1.420714 
+ 1.7935t5 + 4.4911 
Constant / 
85. 
Constant = 273.8464 




















Classification of samples from the Icelandic 
and North American populations using the ED program on '6 
characters, The principal diagonal shove the specimens tihieb 
have classified correctly. 
o) Comparison of the North American and North Sea populations. The 
characters chosen fron tho 25 available tiara:- 
Prox. c, Diet.(a - b), Nxa.2.2, hu.1.1, P5.2 0 P5.11. 
Under the same coaputational procedures those characters yielded 
the foflotjing ttio dicriuinsrit functono. 
i) Y 	104289x1 - 2.75432 t 2.1777i 3 -o- 1.3338x4 
1.2646ic 	3.325&6 
Constant =' -536.1465 
il) Y 1.1602x1 - 2.4082i 2 + 2.1951z3 + 2.0059x4 























Texnoralon4corjjp: 	Classification of samples from the American 
and North Sea populations using the BMD program on 6 characters. 
The principal diagonal shows the specimens which have classified 
correctly. 
In the BTD program no toot of the significance of the contribution 
of the individual characters to tho diacrinination is employed. Using 
a nothod given by Kendall (1966) it is possible to establish the 
redundancy, or otherwise, of the variables used in a discriainant 
analysis. The method is to derive the standard error of the coefficients 
in the discriminant equation and to show whether or not they are greater 
or less than the absolute values of the coefficients. t!here the standard 
error is lees than the ubcoluto value the character is contributing 
siyiificant1y to the discrimination. 
As an example the six characters used to discriminate the Icelandic 
and North Sea populationa wore examined. The equation given by Kendall 
(1966 0 p.331) is used to derive the variance of each of the discriminant 
function / 
87. 
function eosfficicts in turn. 
vr J (L) cii -- 
n1 g 2 
whore n and n2 the nunber of epocirnentzi in each group, lJ is the jth 
discriminant coofficient, Cjj is the inverted dispersion matrix (variance-
covarianco matrix) and F, I and. R arc the mean diocriminant scores of each 
population. The arith2otic for the first coefficient only i ivon an 
an ozeplo uhilo the root are givez as 
Vex 	(2. 	1) 03201 	 (516,967 - 575.5405) 0,3201 
50 50 	 100 	100 
= 0,1280 0.0379 + 0.1880 
0,3539 
Therefore standard error = /0.3539 = 0.5949 which is very much less than 
the coefficient which is 1.9447 and therefore the character is assumed 
•tobo contributing significantly to the discrimination. The standard 
errors of the other characters chow a similar relationship. 
standard error 12  = 0.610 3.4777 
standard error 13 n 0.5977 < 2.0309 
standard error 14 m 0.817 < 1.4937 
standard error 15 0.5825 1.279 
standard error 16 0.6911 < 4.0182 
Thus all tho characters used her,- are contributing significantly to the 
diccrimination and therefore othoro may be found which will improve the 
separation when included in the aro.lysis. Tho difference botwcon thin 
method o' moccamont and that of Cooley and Lohnes is that there is no 
measure of the relative contribution of the characters. 
othnd 2 
irtco the BM application wad so successful the Cooloy and Wazon 
nothod / 
method was employed only on the Icélandic - North Sea population 
pair to see if any improvement could be made by considering all 
available characters and reducing them only in accordance with the 
scaled vectors produced in the fir8t stage of the analysis. 
The maximum number of characters available for analysis was 27 
(Table 24). The characters Dist. b and I4xa.2.1 were not included 
since they form part of the characters Dist.(a + b) and Mxa.2.2 
respectively and are therefore not unit characters (Sokai. and Sneath, 
1963; for discussion see later). The characters P3, TSp., P5.2 0 
and Md.l were not included since the character mean differences (Table 
23) were negligible. In all 22 characters remained and these were 
examined for common correlation between their matrices of correlation 
coefficients. The results are shown in Table 31. The data for 22 
characters was submitted to the multiple discriminant analysis program 
which showed that the whole of the discrimination was contained in the 
first function (Table 32). The scaled vectors (Table 33) show the 
relative contributions of each character but no reduction in numbers of 
characters was attempted at this point. The data was submitted to the 
fR—space' and 'classif' programs and Table 34 shows the summary classi-
fication matrix which indicates complete separation of the two popu-
lations. Fig. 27 shows the frequency distribution of the discriminant 
scores along the linear discriminant, In theory a new individual 
could be dissected, the 22 characters measured and the data submitted to 
the discriminant function for classification. 
Taking the aims of the method to the extreme the one character 
showing the biggest contribution to the separation of the two populations 
was selected for reanalysis in isolation. Again the whole of the 
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Fig.. 27.. Temora longicornie: Linear discrimination of the Icelandic 




TLST FOR CO101? CORRELATION BETIjEEN PAIRS OF CHARACThRS 
Dict.(a + b) !d.(6) Nxa.2(2) Ixm.1(9) P5(4) P5(1) P5(3) 
Prox.c 	0.0035 	0.7083 1.6164 	0.9797 0.1908 0.0641 0.1907 
	
Diet.(a + b) 0.1507 3.0226 	0.0000 0.5321 2.0948 0.1196 
ia.(6) 2.2347 	00000 5.1279 0.5895 0.5604 
Mxa.2(2) 0.1807 3.7017 2.1817 0.5923 
xa.1(9)I_4.2048 4.9523 0.3863 
P5(4) 1.4515 0.2856 
P5(1)1 0.5449 
P5(3) 
Temora ion 	 Resulte of comparing the matrices of 
correlation coefficients of 22 characters taken from the Icelandic 
and forth Sea populations. 	Significant differences are indicated. 
90. 
TABLE 31 (continued) 
TEST FOR CO10I'1 CORRELATION BETtJEEN PAIRS OF CHARACTERS 
P5(9) P5(10) ps(ii) t'Ld,(3) 1d.(4) nd.(5) Nxa.1(1) 
0.9186 0.2741 0.4280 0.0024 0.0894 0.0000 0.9234 
1.2574 0.2902 1.0971 0.2358 5.8843 0.8539 0.3988 
0.0555 0.6619 2.2197 1.9017 1.7731 0.3542 1.3705 
0.1507 0.5590 5.0703 0.9679 0.5353 0.1696 0.5378 
0,3620 1.4921 5.9651 1.9837 0.9036 1.5281 2.7015 
1.6372 3.8381 1.2777 1.2829 0.2412 0.4272 2.5003 
2.7716 0.9631 1.9523 2.3181 0.0433 0.0097 0.3279 
10,6392 8.5776 3.5309 0.3822 0.0098 1.0679 4.6707 
P5( g) 0.0457 0.9241 4.1172 0.4667 0.3998 0.6449 
p5(10) 0.4862 0.6333 0.1256 0.5694 0.1844 
P5(11) 5.0358 0.0117 0.2078 0.6333 
Nd.(3) 10.6269 8.8351 0,3338 
I1d.(4) 0.2153 0.6222 
14d. (5) 0.0758 
I.Ixa.1(1) 
91. 
TABLE 31 (continued) 
TT FOR C0I410N CORRELATION BETWEEN PAIRS OF CHARACTERS 
)lxa.1(2) Mxa.1(3) )lxa.1(4) .Mxa.1(5) Ma.1(6) Mxa.1(7) Nxa,1(8) 
0.0424 .0.0408 0.1530 0.0000, 2.9653 0.282 0.3417 
0.3530 0.0095 0.9471 0.1479 0.8539 0.0599 0.3493 
0.7503 0.1463 0.7944 	. 005353 0.5833 1.5507 0.5384 
1.1351 0.0669 4.1377 	. 0.9591.. 0.09809 0.2613 0.2968 
0.8977 0.1157 3.6362 	. 0.0594 0.2836 0.0151 2.3053 
1.9449 5.5811 2.9428 0.05881 10679 2.0349 0.5329 
08491 oO.0841 2.1499 2.4921 1.7886 0.7212 0.2060 
0.8004 .0.3567 2.5.145 1.2355 1.2355 0.4563 0.0454 
0.2427 0.4169 0.1589 5.7740 0.2232 2.0298 0.3033 
0.0985 0.7944 1.231 1.4921 0.6015 000000 0.0028 
0.7850 0.1249 0.6362 8.7535 0.5226 1.3512 0.8548 
0.0433 0.4546 0.2475 0.3106.. 2.3181 4.2833 5.4649 
0.0981 1.5506 0.4279 0.5833 1.3725 0.5322 0.4381 
0.5954 0.3951 0.9027 0.3998 0.4838 4.0997 0.0025 
1.3042 000000 1.0955 .1.0211 0.5314 0.1562. . 	 1.2258 
Kxa.1(2) 2.0182 0.6494 0.7212 p.3206 0.4862 2.2556 
xxa.1(3) 1.5992 0.2493 2.7018 0.1507 0.0028 
Mxa.1(4) 2.0960 2.8927 . 0.3997 0.4645 
Mxa.1(5) 1.2002 0.2413 0.2485 




CALSD VECTORS FOil T1E 'IRST DISCRUIINANT FUNCTION. 
CHARACTER SCALED VECTOR CHRACTR SCALED VECTOR 
Prox.o -5.86 Iid.3 10.42 
Dist.(a + b) -1.56 11d.4 -0.79 
1d.6 -0.05 M.5 -1.28 
Nxa.2.2 1.55 Yxa.l.l 1.97 
Vxa.1.9 	' -2.17 11xa.1.2 -0.57 
P5.4 4.95 !txa.1.3 -3.46 
P5.1 2.21 Lxa.1.4 -0.06 
25.3 -5.37 Hxa.1.5 7.58 
25.9 2.93 Mxa.1.6 1.68 
115.10 -3.75 !xa.1.7 0.40 
115.11 4.56 Ixa.1.7 -0.59 
Pemora lonicornis: The influence of each of 22 characters 
used in the discriminant analysis shown by the scaled v3ctors. 
TABLE 33 
ST.Wi.1ARY OF DISCRINJIUM A1ALYSIS 
ROOT ROOT OF W OF TRACE ACCOUNTED CUNIJLATIVE 
UMBER INVERSE A FOR BY EACH ROOT OF TRACE 
1 5.4018 99.9970 99.9970 
2 0.0014 0.0264 100.0234 
Tenzora onicornis: 	Discriminant analysis of samples from 
the Icelandic and North Sea populations by Cooley and Lohnes 
method on 22 characters. The whole of the discrimination is 
accounted for by the first function. 
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summary classification matrix is given for, the 100 cases in Table 35. 
The frequency distribution of discriminant scores along the linear 
discriminant is given in Fig. 28 where it can be seen that a deviation 
of ± 1.75 from the population mean discriminant score in the direction 
of the opposing population will cause misclassification. In the test 
case the misclassification rate was 16% for the Icelandic population and 
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Temora longicornis: 	Classification of samples from the Icelandic 
and North Sea populations using the Cooley and Lobnes program on 
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Temora longicornia: Classification of samples from the Icelandic 
and North Sea populations using the Cooley and Lohries program on 
a single character 111.3). The principal diagonal shows the 











El Icelandic population. Mean discriminant score 	6-7 
North Sea population. Mean discriminant score 102 
Overall mean discriminant score $45 
Fig. 28. Temora Ion oornjs: Linear discrimination 
of the Icelandic and North Se 'populations resulting 
from the use of a single morphological character (Md.30)4, 
This cbracter was selected' as the biggest contributor 
to the discrimination as indicated by the scaled vectors 
in Table 324, 
DISCUSSION 
The problem of separating the populations of T. longicornis 
was less demanding than that of C. typicus but there is ample 
evidence to suggest that changes in the approach to character 
selection and to the analysis led to an improvement in the results. 
It is clear that there are three) requirementQ for the successful 
analysis. 
The samples upon which the morphotypes and their discriminant 
functions are to be constructed must be selected from a 
location, and at a time of year, where the populations are 
unmixed. 
All appendages should be examined in a pilot study to establish 
useful characters and the level of detail should be influenced 
only by the time and instrumentation available for the study, 
where the aims of the study are morphological identification 
as compared with taxonomic identification, the minimum number 
of populations should be compared in any one discriminant 
analysis. 
Three populations of T. loniricornis are clearly recognisable by 
the discriminant analysis. The emphasis has been laid on discri-
minating the Icelandic and North Sea populations since these mix 
for part of the year off the North east coast of Scotland. For 
practical morphological identification the inclusion of the American 
data would have confused the d.tscxmination, reducing its sensitivity. 
In any study which aimed to establish the precise taxonomic relation-
ship all three groups would have to be considered cimultanooucly. 
The ultimate aim of the study was achieved with the reduction 
of the number of characters from the original pool of 36 to 1. The 
allocation / 
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allocation of new specimens to their population of origin could be 
achieved by diesecting off the wandiblo and measuring tho single 
character and oubmitting it to the discriminant function for cleosi-
fication. In practice the measurement of other mandible characters 
tiould involve vary little extra tork so that the discrimination could. 
be improved. 	Other valid charactor3 of the mandiblo arc ohom by the 
acalod vectors from the preliminary run with 22 characters. 
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GEOGRAPHICAL VARIATION IN THE MALE FIFTH LIMB OF CENTROPAGES TYPICU. 
INTRODtJCTIQ( 
The fifth swimming limb of the male Centroages Typicus is highly 
modified for reproductive purposes. The second and third segments of 
the right exopodite are modified to form a large chela. Both segments 
are extended into hooks and the third segment is hinged at its outer 
joint with segment two, A large protractor-retractor muscle seated on 
the inner wall of the second segment moves the third segment to open 
and close the chela. A marked difference exists in the third exopodal 
segment between three broad geographic areas; the western Atlantic, 
the eastern Atlantic and the Mediterranean. The three basic shapes 
which can be identified are shown in Fig. 29. 
Because the fifth limb plays so large a part in the reproductive 
activities it is important, a) to establish whether these differences 
in shape can be recognised in the independent populations which have 
been identified and, b) to determine if they have any functional signi-
ficance and if so what it might be. 
Preliminary surveys were carried out on the members of three geo-
graphical groups and both the shape and orientation of segment were 
investigated. To introduce a kind of biological control specimens of 
C. hamatue and C. chierchiae were used to give a measure of the specific 
and subepecific differences. 
MATERIALS AND METHODS 
Mediterranean samples were made available by Dr. F. Vives of the 
Castellon Marine Laboratory in Spain and by Professor Bernard of 
L'Institut / 
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EASTERN ATLANTIC 	 WESTERN ATLANTIC 	 MEDITERRANEAN 
pig,
. 29. Cenroges .typias; Shapes of the chela of the male 
fifth limb as found in three widely separated geographical'• 
locations. Re.2 and Re-3  are the second and third exopodite 
segments respectively. 
L'Institut Oceanographique d'Algers, Samples representing the eastern 
Atlantic were taken, in the first instance, from standard area D3, and 
later from the other populations centres. For the western Atlantic 
samples were taken from standard area EO. In the preliminary exami-
nation five specimens were taken from each of standard areas D3 and 
ElO and from the ileditorranean. In the second stage of the investi-
gation all available specimezs were used in standard areas Cl, D3, C4 
and ElO with ten specimens each of C. hamatus, C. chierchiie and 0. 
typicus from the tiediterranean. 
To examine the shape of the third exopodite segment projection 
drawings were made at a magnification of 600X. In the preliminary 
investigation a construction of lines (Fig. 30a) established a standard 
reference point 0, A line was drawn through the, lateral basal joints 
of the segment and extended on the inner side. A line. drawn from the 
tip of the segment to meet the first line at right angles completed 
the construction. For the second phase of the investigation a second 
construction (Fig. 30b) was made to omit the part of'the segment proximal 
to the internal segmental spine. In this instance lines were drawn 
through the distal angles at the b4sou of the segmental spines and the 
corresponding lateral basal joints. The angle made by these two lines 
was bisected and a line drawn through the distal angle of the joint of 
the inner segmental spine to meet the bisector at right angles. This 
line was extended inwards and a perpendicular dropped to it from the 
tip of the segment. 
In both constructions the point 1 0' was placed at the centre point 
of polar-coordinate graph paper on a light table. The length of the 
radius 'r' from the point 0 to the mid-line of the segment was measured 
at intervals of 50  through the' 900  from one construction line to the 
other. / 
98 
Pig. 30. Ceit'o'paea typicuai The two 
constructions employed to establish the centre 
'0' in the analysis of the shape of the third 
exopodite segment in the chela of the male fifth 
limb. 
other. The mid-lino - of the segment was found by measuring r to the 
inner and outer walls, finding the difference, halving it and adding 
the result to the smaller r value. The resulting data could be plotted 
on ordinary graph paper to g1vo a curve of characteristic shape, 
depending on the origin of the specimen. 
A suitable rethod of examining the shape, and by derivation, 
orientation of the seont is that of polynomial or curvilinear 
regression (Tchebysheff, 1854) which will calculate the fitted curve in 
the nth degree. The basic requirement of the.. method is that a variable 
y should be measured at constant intervals of x, or vice versa. For 
fitting the polynomial of the type:- 
Y = a + bx + ox  + ...... + nx n  
Whore a fixed, equally spaced term is present, orthogonal polynomials 
have the advantage that any term of the polynomial is independent of 
the others and hence can be calculated independently. Pitting the 
polynomial takes place in two stages, a) the choice of the degree of 
the polynomial which fits the data best, b) the calculation of the 
regression equation. To choose the degree of the polynomial an analysis 
of variance is carried out on the sum of squares with successive addi-
tions of each degree of the polynomial. The significance of the 
reduction in the sum of squares is tested after each addition. Should 
the reduction be significant further degrees are added until a Don-
significant reduction is found which indicates that complete reduction 
has taken place and that the previous tested degree of the polynomial 
is the one most likely to fit the data closely.. The fitting of the 
regression line is carried out by the method presented in Fisher and 
Yates (1957). Where the linear condition was demonstrated the co- 
efficients / 
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efficients of the equation y = a + bx were calculated using a program 
developed for the Olivetti Programma 101. The correlation between 
actual and estimated values for the regression line was calculated with 
the same program. Snedecor (1937) gives a method for determining 
R (=r) to demonstrate the correlation between actual and estimated 
values in regressions beyond the linear tern, Following the last 
significant reduction in sums Of squares 1 - 	is the ratio of the 





where E (y - 
	is the sum of squares of deviations from the mean 
produced by Zy 
- 	where in A2 = ( 1) 2 and n is the number of 
measurements of the term y. 	nA is called the correction term (see 
Snedecor, 1937, p.390). The higher the correlation between actual 
and estimated values the bettor the fit of the curve. 
To calculate the coefficients in the regression equation to the 
degree chosen, the terms b , b2I 	 bI are estEatod in the equation. 
Y=a+b 1 +b 	+.....b' 2 	 nn, 
Where the relationship 	 to x, x2 , x is known and b = 
b , b; = c etc., as in the general polynomial equation. Each 
coefficient can be calculated independently 	 are ortho- 




	 b 21 = 
2 
The expression Y = a + bx + cx2 .... nx can be interpreted further, 
if x = o, y = a which gives the origin of the curve on the y axis. 
The / 
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The data produced in the preliminary analysis was standardised by 
taking the first measurement as unity and expressing all others in 
proportion to it. In the second analysis data was standardised by 
computing a correction factor based on the relationship of individual 
motasome length to the overall Lean, 
RESULT 
The resulting shapes of the preliminary analysis, using the first 
construction and standardisation methods were plotted as means for each 
group and are shown in Pig, 31. No attempt was made to calculate the 
regression lines for these complex shapes. The dotted line shows the 
point in the curve equivalent to the base of the internal segmental 
spine. It is clear that from this point to the tip of the segment the 
moan data clearly distinguishes the three geographic areas and can be 
represented by fairly simple regression lines. The second construction 
wao developed to omit the part of the segment proximal to the internal 
segmental spine. The same specimens were examined by this second 
construction method and the mean data plotted. 
An analysis of variance (Table 36) was carried out to establish 
the degree of the polynomial which is the best fitting curve for the 
real. data. The results clearly show that the cubic curve is required 
since the quartic term shows a non—significant reduction in the sum of 
squares. 
The American data is presented as an example of the calculation. 
Table 37 shows the mean values of y, y2,c1, 2 and 3 
 ( - 3 
are in published tables; Fisher& Yates (1948)). The sum of 2 was 
calculated and is given at the bottom of the table. Table 38 gives 
the / 
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Fig. 31-' , CentrôaRes 1tcu31 Curves generated 
from tbe whol6 third exopodite segment measuring 
'rt by construction method 1 (Fig. 30).. The pecked 
line delineates the parts of the segment proximal and 
distal to the internal segmental spine. 
TABLE 36 
SOURCE SS. DF. RESIDUAL RES.VAR. VAR.R. 510. 
(EY51 ) 2&5 2 901.9105 1 25,163.0895 1480.1817 0.6093 NS. 
(,2 ) 2/ 23,753,3830 1 1409 97065 88.1067 269,5979 *** 
897.6071 1 512.0994 34.1400 26.2920 
55.3629 1 456.7365 32.6240 1.6970 NS, 
TOTAL 26 9065.000 18 
Centropages typicus: 	American data. Analysis of variance to show 
the significance in reduction of sums of squáresfrom the linear to 
the quartic term. = significant at the 0.15 level; NS. = not 
significant, 
the values of y1 to 33  together With'ZYnnI  The computation procedes 
as follows:— 
y'= 17,880; 	(y)2/19 = 16,826,021 
Y. = 16,852,086 
- (2y) 2/n = 26,065 
Sinceyo = 17,880 and Z() 2 = 19 
z 	o /c(o) = 941 = a. 
Calculation of the coefficients b to 	in the regression equation 
procedes as:- 
= 	= —1.2579 , 	=17.951 = 1.3232 
570 	 13,566 
bi = 13.833 




y 	y ' )1 j2 
1000 	1 0 000 9 000 -9 51 -204 
992 	984 0 064 -8 34 -68 
978 	956,484 -7 19 28 
968 	937,024 -6 6 89 
956 	913,936 -.5 -5 120 
943 	889,249 -4 -14 126 
923 	851,929 -3 -21 112 
909 	826,281 -2 -26 83 
898 	806,404 -1 -29 44 
896 	802,816 0 -30 0 
896 	802 9 816 1 -29 -44 
$96 	802,816 2 -26 -83 
905 	819,025 3 -21 -112 
91. 	829,921 4 -14 -126 
924 	853,776 5 -5 -120 
938 	879,844 6 6 -89 
962 	925,444 7 19 -28 
984 	968,256 8 34 68 
1001 	1,002,001 9 51 204 
570 13,566 213,180 




Y51 y2 y3 
-9 0,000 51,000 -204 9 000 
-7,936 33,728 -67,456 
-6,846 18,582 27,384 
-5,808 5,808 86 9 152 
-4,780 -4,780 114,720 
-3,772 -13,202 118,818 
-2,769 -19,383 103,376 
-1,818 -23,634 75,447 
-898 -26,042 39,512 
0 -26,880 0 
896 -25.984 -39,424 
1,792 -23 9 296 -74,368 
2,715 -19,005 -101,360 
3,644 -12,754 -114,786 
4,620 -4,620 -110 0 880 
5,628 5,628 -83,482 
6,734 18,728 -26,936 
7,872 33,456 66,912 
9,009 51,051 204,204 
-717 17,951 13,833 
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Thus the regression equation in the cubic term is :- 
y = 941 - 1.2579x + 1,3232x2 + 0.0649x3 
the correlation of this estimated curve with the data is given by:- 
R = /1-512.0994 
'.J 	l6852,026 
=41 1-0. 00003039 
= 4[0.9999 
	
= 	1.0000 	i.e, total correlation 
Both the eastern Atlantic specimens and the Mediterranean specimens 
were tested in the same way giving the regression equations of:- 
y = 997 - 3.9456x 
Correlation = 0.75 
y = 961 - 50807x + 0.3659x 2 
Correlation = 0.91 	respectively. 
Having established the method the survey was extended to include 
specimens from the standard areas containing the four population centres. 
the Mediterranean and specimens of C. hamatus and C. chierchiae. The 
basic structure of the chelae in these two species is similar to that 
described for C. typicus but the shapes of the component segments differ. 
The sources of data are given in Table 39 and the complete data tables 
in the appendices 1. The data were corrected by factors based on the 
ratio of the individual metasome lengths to the overall mean metasoine 
length. All threG species were included in the calculation of overall 
mean metasome length. The choice of polynomial degree and the method 
of fitting the regression curve were carried out as before. The 
resulting regression equations for each location were:- 
Cl. 	y = 10.8643 - 0.0336x 
C4. 	y = 10.8620 - 0.0347x 
D3. 	y =. 11.2268 - 0.0289x 
ElO. / 
1 	Appendix 3. 
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ElO. 	y 	9.6674 + 0.0583x - 0.0140z2 
y 	8.3548 + 0.0873x - 00190x2 
C. hainatus 	y = 10.8181 - 0.0454x 
C. chierchiae 	y = 6.8321 - 0.2617x + 0.045x2 
- 0.0034x3-  0.0004x4 
The mean valuca for each species and location and the regression 
curves associated with them are shown in rig. 32. 
TABLE 39 
SPECIES GEOGRAPHIC AREA SAflPLE SOURCE iDERS 
C. typicus Koditcrranean Station B 10 
Castollon 
C. ___ Standard Area 263 C 21,17,15 26 
Cl. 264C21 
265 C 25,27 
C. kRicurl Standard Area 
C4. 193 U 13,15 25 
15ABI1 
C. !xPicus Standard Area 	. 57 S 21 
D3. 56 S 1 021 59 
55 S 21 
54 S 17, 21,25 
C. trpicus Standard Area 3 Eb 5 
tilO. 4 Ea 39 .56 
5 Eb 7 
C. -DAMatus Eastern Atlantic . Uillport 10 
C. chierchiac liediterranean 	. Algiers 10 
Source of samples for investigation of the shape of the third exopodite 
segment of the 'male P5. 
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icu;I Q 
There can be no dispute about the visible differences that exist 
in the shape of the chela between the species of the genus and also 
within the species where widely separated geographic areas are sampled. 
It is not possible to observe differences in this particular feature 
between members of the three eastern Atlantic populations. Is can be 
seen from Fig. 32 there are proportional differences as evidenced by 
the varying slope of the regression line. These are residual propor-
tional differences after standardisation of the data. 
The introduction of the second method of contructng the point 1 0' 
was to exclude the part of the segment proximal to the internal segment 
spine. This was done to simplify the curve fitting and because this 
was the section of the segment in which the visible difference could be 
observed. The eastern Atlantic specimens chow two points of inflection, 
one near the segmental spines end one towards the tip which cause the 
centre-line of the segment to describe a quarter circle where the radius 
r is almost constant giving a ntraicht line graph. The western Atlantic 
specimens show no points of inflection but a steady curve from base to 
tip which causes the centre-line of the cecnt to trace part of a 
parabola which cuts the quarter circle at two points • The Mediterranean 
specimens display a segment in which the section distal to the segmental 
spines is narrow and straight • Thus the centre-line of this segment 
cuts thruth the quarter circle in a straight line which will result in 
a deeper parabolic plotted curve than that of the American specimens. 
This relationship is shown in 3ig. 33. since the mule fifth limb plays 
a major role in the act of copulation and the transfer of the sperxnato-
phore differences such as those which have been dcmonztrtc 'e must 
be / 
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Fig. 32.. Cetropages app: Curves generated from 
the third exopodite segment measuring 'r' by 
construction method 2 (Fig. 30); samples taken from 
the four Atlantic populations of C. typicuB. the 
Mediterranean populations of C. tviiciis and 
C. chiercbiae and the eastern Atlantic population of 
C. hamatus. 
Fig.. 33. Contropages typtcuai Diagraziatio 
representation of the relationship of the 
curves described by the third right exopodite 
segment of the male fifth limb in eastern 
Atlantic, western 4tlantic and Mediterranean 
specimens. 
be examined for functional significance. Clearly the' specific 
differences in the cholae between C. typici, C.hamatus and 
chiorchia. would act as an isolating mechanism. Since tbe.ehslo 
has a specific role in copulation, i.e. that of gripping the female 
urosome prior to transfer of the spermatophoro, it can be inferred 
that shape is important. It it were not, then, since all chelso in 
the species of the genus perform the same function, it would be reason-
able to expect evolution to cquate the structure to its simplest form. 
Although the subepecific differences described here might not be 
sufficient to prevent copulation they might impair the success of 
spermatophore transfer whore interbreeding between geographically 
distinct populations was made possible. 
The suppositions made here oversimplify the case and the matter 
is discussed in detail in Part II of the thesis. 	To make a full 
interpretation a knowledge of the precise roles of the various repro-
ductive structures and their component parts is required. The inter-
pretation of the differences in terms of the taxonomy and nomenclature 
of the populations is discussed in the general conclusion to the thesis. 
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PART II.. 
THE FUNCTIONAL SIGNIFICANCE OF lUfl REPRODUCTIVE STRUCTURES IN THE 
CENTROPAGIDAE. 
INTRODUCTION. 
The reproductive structures of organisms belonging to the class 
Crustacea are usually very highly modified appendages with which a 
precise function, or functions, are performed. It is reasonable to 
suppose that the shape of the constituent segments of these appendages 
should be directly related to their function. There are two main 
phases in crustacean reproduction; i) the male approaches the female, 
which may or may not be part of a swarm, with a certain amount of ritual 
and takes hold with a specially modified appendage, 2) moves into a 
specific position and transfers a spermatophoro to the female, usually 
with another specially modified appendage. A number of workers have 
studied phase 1 of the process, the procopulatory ritual (e.g. Ei11 
and Cokor, 1930; Gauld, 1957; I? ahrcnbach, 1962), which it is thought 
may be controlled by a pheromone system such as that doocribod for Portunus 
r3p , by Ryan (1966), Some workers have described the genital complexes 
of the female (e.g. Hoptner, l%O, uchat 	•) and some have used the 
structures ma a source of taxonomically important characters for sepa-
rating very closely related species (e.g. Fontain, 1967, also on Euc.haota 
.flfld). It is clear from a number of works which describe the sporma 
topiLoro and its asocitod structures (e.g. Frost and Plomingor, 1968, 
inausocaws 	Flominger, 1967 inbiocorajollae) that the 
site of attachment is very precise, spocicc epocific, and, in the casó 
of Labidocorm jollao (Plomingor, 1967) racially specific. 
The / 
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The results of the investigation into geographical variations 
in the fifth limb of Centro aeritvicus presented in Part IC led to 
some discussion as to their meaning and possible influence in the 
maintenance of oubpecif IC population identity. The inference from 
such accounts of the various aspects of reproduction as are available 
is tkit every structure on the female urosomo, every gaont In tho 
moOifed Ealo reproductive appendages, every movement of the male and 
female during copulation, ovary structure on the speratophora and it 
coupling dovices and every sto of attachment of the cpsrmatophore are 
species spool1 Ic and require an accuracy within very fine tolerances 
both of form and function. 
In order to be able to make comments on such small variations in 
the male reproductive structures some iniowledgo of the reproductive 
process was required. L1th the exception of Gauld., (l57) who described 
a single observation of mating Centroprines hamti., and Iteboror (1932) 
who doacribod the hictolor of the epormatophoro formation in 2oaee 
ticus, nothing was known. It is also necessary when commenting on 
eubopocific prob].oas to know what differences exist at the opcclos 
level. Accordingly a numbcr of common species of the Contropagidae 
were oaminod with the aim of establishing the role of the various 
reproductive structures within the family and as far as possible within 
pocioa. 
ATXIAL .aUD 	li0D 
In addition to the specimens retrieved from the Contnuoua Plankton 
flocordcr collections, the matoie.1 was supplemented by net-haul samples 
from various sources. 
_ 	Plymouth, English Channel. 
St. / 
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t. Elargaroto Bay, Nova Scotia. 
Castell on, Ioditerranoan. 
0. hau- f~tuq iillport, Scottish tioet Coaot 
rchiao 	Alier, iediterranoan, 
C. bpachiatua Table Thy, South Africa. 
C. furcatun 	 Tom and Takoradi, Lost Africa. 
Al]. dicsootion.s were carried out with a pair of Singer micro-
mipuletoro ucing tungsten wire needles sharpened in molten eodiui 
nitratePermanent mounts ofcppendagoo were made in polyvinyl lacto-
phon1 to which the stain lignin pink had been added. Thie mcuntant 
hoe the advantage that specimens can be mounted directly from an 
aquoouo modiuu. 
The scanning electron microscope (Oatloy, Ilizon and Pease, 1965) 
was used for o ination of whole specimens. 	In contract to the 
conventional transmission electron microscope it allc'ic the examination 
of the surface features of relatively large whole specimens in a  oaGni-
fication range frcm X20 to X100,000, The operating princip l is shown 
in 1?ig. 34. The electron beam is fired down the optical column through 
a nunbar of Qlectomagnotic lensee which collate the bean. In the 
final lens a group of scanning coils move the beam backwards and forwards 
across the opocimen. The primary electrons in the beam peso through 
the specimen surface causing excitation and back—scattering of secondary 
electrons. Those secondary electrons are collected by drawing then 
through a curved path into a collecting system from which thoy are passed 
through a light pipe to a viewing screen which is fitted with a raster 
of variable line number and scanning speed. A parallel system is used 
or photography but it enploys a short1if a phosphor on the screen, 
pocimeno up to 12mm diameter by 3mm high may be mounted in the specimen 
chamber / 
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Fig.. 34. Diagram Of the operating principal 
of the scanning electron microscope system. 
chamber where they can be moved, in x, y and z directions as well as 
rotated through 360 degrees. 
Ton-conducting specimens, such as copepods, require a complete 
coating of a conducting medium before examination. The coating in the 
present case was gold-palladium alloy depcsitcd under high vacuum onto 
the surface of the predried specimen. with animals such as copopods 
which derive most of their skeletal support from the internal body fluids 
and the otornal medium, drying and coating present special problems 
since without special preparation the cuticle tends to collapse. Three 
techniques were used for drying the specimens in the present study with 
varying degrees of success. The techniques of preparation for the 
scanning electron microscope are not well documented and new studies 
nearly always require cone oxpsrira3ntation with now techniques. 
ppjJ,. The specimens, which had been preserved in buffered formalin, 
were washed several, times in distilled water. They were then taken 
through a graded series of tertiary butyl alcohol from 3O to absolute 
in 5 steps with a period of five minutes in each grade. fleovod from 
the absolute alcohol they were drained on blotting paper. and then 
stored in a dossicator prior to coating. The effect of the alcohol 
was to harden the cuticle and musculature so that it was bettor able 
to support its own weight. The method worked well, particularly in 
the sri'al1or segmented areas such as the urosome. Plates 4 - 8 and 12 
show specimens prepared in this manner. 
ethod 2.. 	Specimens, again preserved in buffered formalin, were 
washed several times in triple-distilled water and then freeze-dried 
(Harris, 1964), This method did not produce the results expected since 
there was considerable evidence of contraction and the resulting tearing 
of / 
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of the cuticle between the muscle bands. An esmple is shown in Plato 1. 
&ethod 	The final method used in this study was adapted from Green 
(1967). The fornalin preserved spocimons were washed in distilled 
water and plunged into hot lactophenol for ten minutes. They were removed 
to hot lactic acid for a further ton minutes and then placed on blotting 
paper to drain. Completely undamaged specimens were required for this 
method since the lactic acid is left within the body shell and any cracks 
would allow loss and result in collapse a The lactophonol tends to 
digest away the internal structure of the specimen and support is faci-
litated entirely by the lactic acid. Plates 9 11 chow specimens 
prepared in this manner. The lactic acid is non-volatile and even the 
vacuum of 10_6 torr reached during coating did not affect it. It was 
found that any lactic acid remaining on the surface of the cuticle 
before coating caused the evaporated metel to craze badly. For reasons 
unknown at this stage the crazing did not produce the ozpscted charging 
offsets during camination in the microscope. 
In order to operiEent with preparative methods a standard coating 
unit (Plate 2) was built with special accessories in the costing chamber. 
The specimens are required to have an oven coating all over in contrast 
to the conventional electron microscope and to accomplish this a Boult 
turntable (floult 9 1968) w'as built together with two pairs of adjustable 
oloctrods (Plato ). Specimens  to be coated were mounted on aluminium 
stubs (Cambridge Scientific Instrument Co.) using Durofix or other glues 
of this type 9 and the stub placed in one of the eight positions on the 
turntable. A calculated quantity of gold palladium wire was placed 
in the helical tungsten w±ro basket mounted in the electrodes adjusted 
to be vertically above the edge of the turntable. The turntable is 
driven / 
113. 
driven by an electric 14eccano motor through a rotating seal in the 
base plate of the chwnbor. The table turns clockwise and the stub-
holders anticlockwise and for every one revolution of the table the 
stub-holders turn five times. As the turntable rotates the angle 
which the specimen makes with the coating source varies between 90 
degrees vertical to 30 degrees to the horizontal. Coating use usually 
carried out botwoen 10 and 10_ 6  torr although experimentation showed 
that any vacuum higher than 10 torr was suitable. 
otbods of calculating the thickness of deposit on a specimen at 
given distances from the source and for different quantities of starting 
material arc given in Holland (1956). In practice the complex surfaces 
of the specimens rendered useless any calculation made by these methods. 
For general purposes and used merely as a guide, the method given by 
Bradley (1961) i; sufficiently adequate. In the present case all 
coatings wore carried out with 2ca of gold palladium wire oat at a 
vertical distance of 5cm above the specimen and gave a thickness of 
coating of approximately 300 Angstrom units. 
1EULTS 
The only record of mating in. this genus is that by Gauld (1957) 
for Cantropaos hanatus. Dr. 'tJ. Verwoort of Liederi (personal communi-
cation) confirms that the chola of the male fifth limb is used to 
secure the male to the female urosome.. In each of the five species 
considorod, the male produces the spormatophore together with a complex 
group of plates which are attached to the stalk of the spermatophoro 
and used' to attach it to the female urosómo. No attempt was made to 
examine the histology of these structures but by their reaction to 
various stains used in the examination they would appear to be cuticular. 
CentropaRes / 
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Fig. 35. Dorsal views of 
I the. urosomes azid fifth zietasome 
segments of five species of the Centropagidao,; a) C.' tipioua. 
b) C. pbiercbiae. c) C. 1hamátus a) C. brachiatuap and 
e) C, furcatus.. 
Fig. 36. Diagram of the male and female fifth limbs of 
five species of the Centroagidae; a) L. •tic• 
b) Cg cberchia c) C . hmatus.. d) C.ft brachiatua g, and 
e) C. , ft-r-c—atuso 
opags tyiicusJKr4yqr. 1849) 
A dorsal view of the male and female urosotae is given in Fig. 35a 
and a diagram of the male and female fifth limbs in Fig. 36a. Hoberer 
(1932) described the histology of the reproductive system of the male 
and suggested a method by which the transfer of the spermatophore from 
the male to the female could be accomplished. 
Tie Sj,erxnatojhore and Couplina Device. 
The spermatophore and its coupling device are shown in Fig. 37 and 
the scanning electron micrograph Plate 4. The whole complex is formed 
within the motasoms of the male where the spermatophore lies in the 
spormatophore sac which terminates in the ductus ejaculatus opening on 
the left lateral wall of the genital eeiont. The coupling plates of 
the spermatophore are formed by large masses of cells called formers 
(Heberer, 1932) and the wall of the spermatophore is formed by the 
large coils of the sperznatophore sac. The testis is normally S-shaped 
and lies anterior to the formers and the couplers, connecting with the 
sporrnatophore stalk via the vas deferens and vas eforeno. 
The ejaculated opermatophoro contains two distinct regions. The 
proximal region contains the spermatozoa which are pepar4tad from the 
distal, mucus filled region by a thin membrane. The mucus absorbs 
water through the spermatophore wall and causes the spermatozoa to be 
ejaculated by the increased pressure. 
The stalk of the spermatophoro contains a U-shaped bend which is 
characteristic of the whole genus. The posterior arm of the sperma-
tophore stalk lies in a groove in the right lateral plate of the 
posterior coupler which, in life, is a pale brown in colour. The 
anterior arm of the sperinatophore stalk turns horizontally and laterally 
to / 
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to lie along the posterior border of the hyaline, lozenge—shaped 
anterior coupler is composed of a single plate with indentations at 
the tips of the lateral extensions while the posterior coupler is 
composed of two plates which fuse ventrolaterally on the loft side. 
The two couplers are entirely separate from one another. 
Attachment and Orientation of the--gpormatophore 
When attached the epenznatophoro sac lies dorsally from left to 
right across the urosome of the female. The posterior coupler is 
cemented to the ventral and right—lateral surfaces of the second 
urosomo segment. The cement is produced from sub—cuticular cement 
glands whose openings are shown in Plate 5. The attachment point 
for the spormatophore stalk lies at the tip of the right—lateral 
protusion of the same segment as indicated. The spermatozoa enter 
the body of the fen1e at this point which is a very unusual feature. 
The second urosome segment has not hitherto been considered as part 
of the genital complex. Gieabrecht (1892) notes the genital segment 
as being composed of abdominal segments 1 - 3 and the second urosomo 
segment as abdominal segment 4. The question is raised as to whether 
the second urosome segment should be considered as part of the genital 
complex and referred to, for etamplo, as tho "subgenital segment" or 
as the "ancillary genital ceginent, or even whether it is perhaps 
composed of abdominal segments 3 - 4. Fleminger (1967) also notes 
unusual placement positions for some sporniatophores in the Labidocera 
jollae group but that despite their consistency they are non—functional 
so that the question of nomenclature does not arise. 
The anterior hyaline coupler brings the tip of the spermatophore 
stalk to boar on the attachment point by closing round the genital 
segment / 
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Fig. 37. Centroagpg tyDicus: Diagram of 
the sperinatophore wid its coupling device; 
dorsal view. 
Fig. 38. Centropages hamatusj Diagram of 
the speriatophore and its coupling device; 
left lateral view. 
segment in a manner which is controlled by the spines of that segmont. 
The anterior hyalino coupler dco not physically attach to the urosomo 
by cement and at a later point in time is lost together tiith the sperma-
tophoro and stalk leaving the posterior coupler Cemented in position as 
the identifier of the fertilised female, Plate 6 shows a spermatophoro 
tttchsd to a mature female, 
hamatus (Liujeborg, 4853) 
This opeciao is the only member of the genus to have been ooerved 
mating (&uld 9 1957). The species is found in the same waters as 
yjicuo arid it is interesting that the spormatophoro, its coupling 
dvico and the fema1 urosomo are different despite the omtrome simi-
larity of the fifth limbs in both eeos. A dorsal vioi of the male 
and female urosomos is given In Pig. 35c and diagrams of the male and 
ftmclo fifth limbo in Fig. 36c. 
"Un- Device  
The opoiiatophore 9 aguin produced by the male 9 is more lancoolato 
than that of 	 and is frequently iaioted tihoro the hyaline  
mucus region begins. The stalk maintains the fundamental U-ohape of 
the genus but the ant-crier arm is omtremoly elongated and curved, 
The coupling device is complicated and parts homologous with the 
two-part dovico of 	 can be rocognieod and the terminology is 
retained. The plates divide into the hyaline derivatives of the 
anterior coupler and the pale brown derivatives of the posterior-coupler, 
A diagram of the opormatophoro and coupling device is given in ?ig. 38 
ihcro it will be seen that the posterior arm of the epermatophoro stalk 
is held in a complicated groove made up of elements of both couplers. 
The anterior am of the stalk is hold by an anterior otonsion of the 
posterior couplor which roaches as far us the tip of the stalk. A 
part / 
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part of the hyalino anterior coupler is also associated tiith this region 
of the stalk * 
and Orjontatinhopophore 
In the majority of cases the opermatophoro lies dorsal to the 
uroeouo 9 crossing it from loft to right but it is occasionally disengaged 
from the groove in the coupler and trails beneath the urosome. The 
whole coupling device is attached by the ventral plate of the posterior 
'coupler tTAich is cemented to the urosomo. 
The anterior am of the eperatophoro and its associated derivatives 
lie transversely from right to left across the dorsal surface of the 
genital segment and pass ventrally on the left side to become attached 
just lateral to the genital opening. The coupler plates associated with 
this arm are located between to rows of cuticular spines. As in 
typicun the fortilised stage of the female can be recognised by the 
attached posterior coupler which has loOt the hyaline derivatives of 
the anterior coupler and the empty epormatophore. 
(isbroàht, 1889) 
an many ways. the structure and attachment of the spermatophore 
and its coupling device in this species are similar to those described 
for C. tzpj.cue. Dorsal vios of the male and female urosomec are given 
in Pig. 35b and diagrams of the male and female fifth limbs in Fig. 36b. 
Dovine 
The whole coupling device is again produced by the malo and .a 
diagram of its structure is given in Pig. 39. As in 	pcue the 
coupling device is divided into two distinct regions; the hyalno 
anterior coupler which is lozouga-shapod, has indentations at the tips 
of the lateral otonsions and carries the anterior arm of tie ciormatc-
phoro stalk and the posterior coupler (Plato 7) which is brown in life, 
containing / 
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Fig. 39. Centropaes chierohiao: 
Diagram of the spermatophore and its 
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Fig. 40. Centropaea brachiatus: 	Diagram of the 
apermatop1ore and its coupling device, left 
lateral view. 
containing a Groove in the riht lateral plate which carries the posterior 
arm of the spormatophoro stalk, 	ho right side of the posterior coupler 
is also chaped to fit round the right lateral protusion of the second 
ur000re aegnont of the female. This protusion i1 sot at the posterior 
end of the occond urocce scgiiont cud does not appear to be ascociatod 
with the attachnent point of the spormatophore stalk 
ho clu—ohapod spernatophore lice dorsal to the urocoo froL loft 
to right. The posterior axu of the opermatophoro otalk is hold in the 
g'oovo of the posterior coupler j7hich is attached to the second urosone 
soent of the I emlo (Plato 8)çiby cement produccd from vontral and rit-
lateral suboutcular ccont gla!Ids. The coupler is located iL position 
by fitting round the right lateral protusion o the OCCOE!3. Ur050nO 
oogaant and by the sntcrior hyalins coupler onclooW, the genital segment 
in a manner which is controlled by the spines on that sogint. 
(Dana, 1849) 
In Genoral the coupling device roceables thooc of £ 	icus and 
C. Aicchiae but is more complicated. There are no rccordo in the 
literature of any aspect of copulation in this ap6cio. Dorsal views 
of the nilo and fouialc urosono rc vcn in Pig. 35d and diagrams of 
ti,', male and foiaio fifth limbs in ?ig. 36d. 
The spormatophoro is short and club—shaped with very much loss 
cico for the hyaline nucus region than in the opecise so far described. 
The stalk is short and thick and though it does not describe a prociso 
U—shape, it is very sharply rofleed. The coupling device (Via. 40) 
is divisible into the two regions as before. The hraline anterior 
coupler / 
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aøuplar is coLmploz and contc2uo a ntbor of distinct o.conto. A 
la0 9 and bLOiCBll,7 trinDr_Ml3y ventral plate contains a ventrolatoral 
opine pocket. A wing uhich has a coarse serration along the ventral 
nargin and a notch in the ditsl roion of the dorsal margin, otends 
laterally frou the anterior coupler as ohoun in Plato 9. The base of 
this uin supports the anterior ara of the epormatophors otali0 
ho posterior coupler contains a deep groove in the right lateral 
plato uhieh rccaiios tJO sporratophore stalk, The loft lateral pert 
of the plate in dooply div:Ldod to give dorsally directed arus 
Anterior to those a partially coparato plate is attached laterally. 
The spermatophoro lies dorsally frou loft to right and the stalk 
lice in the groove in the posterior coupler. 1'rom the neck of the 
oporeatophoro tho otalk bends ventrally and posteriorly to a point 
level eitli the ventral surface of the oogent where it roflc2xo dorsally 
and enter orly to a point level uith the anterior and of the sogent. 
The otalk turns inuards and slightly posteriorly to attach to a doroc-
lateral protucion of the esont situated dust lateral to a group of 
dorsal cuticular opines. In this feature it is smiler to 
and the question of terninelor as applied to the second ur000e coent. 
is again ruisod. The group of dorsal cuticular spines scom to be 
a000eiatod with the attachment of the anterior dorsal process of the 
pocterior cuplor. The posterior coupler is attached to the sogisnt 
by a group of cub-cuticular coiant glands on its ventral and lateral 
surfaces. Plato 10 chows a dorsal vioti of the fsmaleurosoo in 
which the attachment point and some pores of the cement gland can be 
scan. 
The anterior arm of the spormotophore stalk is supported by the 
anterior / 
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anterior coupler which is not physically attached to the genital seont 
but is located by a complicated lock and key.dovioo. The vontro-
lateral spine pocket receives the ventrolateral spine of the genital 
eagnont. The folded spine pocket can be seen in the coupler dissected 
from a ripe male (Plato i.i). The coupler is also positioned by the 
location of the dorsal notch in the right lateral ring around the spine 
on tho fifth motacose segment. The attached spermatophors and coupling 
dovico in which the spine pocket is etendd is shown in Plate 12. The 
lateral wing use reflood thrisg preparation of this specimen but 
roforonco to Plato 9 shows a wing which is only slightly distorted. 
gps 	(Dana 1849) 
The reproductive structures in this species depart considerably 
from the general pattern established in the foregoing account uith the 
otcoption of the sale and female fifth limbs (Pig. 35c) uhich follow 
the normal C 	pattern. Diagrams of the male and female 
urosomos are given in dorsal view in Pig. 36c. 
The opormatophor ,  is lsncoolatc and usioted about one third of 
the way up the sac from the neck. The distal region from the waisi. 
oor3taino the hyalino mucus whic1 	s in other species is not present 
in spermatophorec cissoctd from ripe males. The stalk of the sperms-
tophore is short, boll—shaped and continuous with the ventral plate 
of the coupler. Immediately anterior to the opening of the uporsa-
tophore neck tho coupler contains a small sac. 
The coupler is a cmall comp1ot hyaline plate which encloses the 
whole female urosomo when attached. A diagram, of the spermatophoro 














Fig,, 41. Centropaes furcatu: 
Diagram of the aperinatophore axis coupling 
device as dissected from a, ripe male; 
right; lateral view.- 
Fig. 42. CeutrOpaes furcatuss 
Diagram of two representative stages. 
in the transfer of spermatophore contents 
to the "spermàtbecal sac"; left lateral 
view. 
anterior end of the coupler is shaped to fit the lateral protusions of 
the genital segment and at the same end a thin mucus sac is produced 
which encloses both the anterior part of the coupler and the genital 
segment. 
Attachment and Orientation of the Stermatophore 
The spermatophore is suspended beneath the female urosome with the 
neck opening adjacent to the anterior end of the second urosome segment. 
The coupler encloses the whole of the urosome, being positioned by the 
shaped anterior edge locating around the protusions of the genital 
segment. When attached it follows the contours of the urosome but it 
is not certain whether this shaping is present before attachment. 
There is no evidence of physical attachment of the coupling device with 
cement. 
E.isculation of the Spermatozoa 
The ventral sac in the coupler, positioned just anterior to the 
opening of the apermatophore neck, plays an important part in the trans-
fer of the spermatozoa to the female s A granular material is secreted 
from the neck of the spermatophore which distends the sac and forms a 
plug in the genital opening of the female • The epermatozoal material 
is ejaculated in a thin-walled tube which coils randomly through the 
granular material and terminates in the plug. The amount of coiled 
tube in the sac is related to the degree of emptiness of the spermato-
phore. Examination of a number of specimens suggests that all, or 
nearly all of the spermatozoal contents of the spermatophore are ejacu-
lated into the coupler sac before absorption into the female takes 
place. 
Many of the species of this genus do not have the distinct 
chitinous apermathecae such as are found, for example, in Calanue spp 
mi 
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In this situation the timing of the transfer of the spermatozoa to the 
female becomes important. The sac described here appears to function 
as a spermatkoca in as much as it acts as a receptacle for spermatozoa 
during their transfer from the epermatophore and before their use in 
fertilisation. In view of this the term "spermathecal sac" is suggested 
for this structure. In Fig. 42 two representative stages of the 
process of ejaculation are given though it is to be remembered that the 
process is a continuous one. 
Biometry of the Male Fifth Limb 
The fifth limb of the, male plays a vital role in the process of 
copulation in that it secures the male to the female urosome in what 
might be called the correct primary alignment, and is active in 
assisting in the transfer and attachment of the spermatophore and its 
coupling device. It has been inferred in the introduction that the 
segmental form and nature of the jointing in the, crustacean limb make 
the contribution of the limb to these activities predictable. Clearly 
it would be useful to obtain information concerning the relationship 
of the various segments to one another and to use that information to 
infer their role in copulation. 
At the time of this study only three species were available; 
CentroDaes tyDicus, C. ,hamatus and C. chierchiae. Reference to Fig. 
36 shows that the basic form of the limbs is the same but that the chela 
in particular differs in shape. In contrast to Part IC, where only 
one segment was examined, a total of 43 characters were measured on (Fig. 43) 
the whole limbs of 10 specimens from each species. To eliminate the 
effects of size differences on the analysis the data was corrected by 
factors based on the overall mean metasome length. The data tables, 
metasome / 
1 	Appendix 5. 
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Fig.. 43., Centropaes:• The 43 morpho1oica1 
: characters used in the analysis 'of the male fifth 
limb of Centropaea tyiis. C. chiercbiao and 
C. hamatust represented on a C. tricua P5. 
metasomo lengths and correction factors are presented in appendix 5 
A principal components analysis was carried out on the corrctod 
data and the matrix of correlation coefficients between all possible 
pairs of characters was ordered as in Fig. 4.' The matrix shows that 
there are three groups of highly related characters, the sources of 
which are given in Table. 40 and their percentage composition in Table 
416 It can be seen that groups A and B contain mainly exopodite and 
basipodito characters while group C contains mainly endopodito chara-
cters and is negatively correlated with groups A and B. An examina-
tion of a whole series of fifth limbs of copepods which have this kind 
of cholate structure shows a steady decline in the size and importance 
of the endopodite suggesting that it is redundant in the spocialised 
activity of the fifth limb. The negative correlation indicated in 
the present series tends to support this conclusion. It is almost 
certain that tho endopodito is a hindrance to efficient use of the 
modified exopodites. In view of this the data for the endopodite 
was removed and the analysis rerun using only the exopodito and basi-
podito data. The resulting ordered correlation matrix is shown in 
Fig.. 45 und reveals a single group of very highly correlated characters 
which are illustrated in a diagram of a male fifth limb (Fig. 46). 
Although thodiagram represents a C. tyious limb, the results for 
the analysis relate to a generalised Centroges male fifth limb based 
on the pooled data from three species. A simple interpretation 
suggests that characters representing the capacity of the chola are 
strongly correlated with those representing the reach of the loft exo-
podito. This is in keeping with the general features of copulation 
in which it is knoithat the chola grips the female urosomo (where 
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44,,'Ordered matrix of co,relation coefficients 
(represented by three contour levels) between all 
possible pairs of charactezs; based On data from 
C. tvticun. C, chierOhiae and C. bamatus. 
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TADL 49 
A B C 
CII. LXO BA. 	EN0 CII. EX. BA. EN. CH. EL 	BA. EN. 
5 4. 1 3 + 
7 + 4 
9 4. 6 . 12 + 
14 8 + 18 4. 
30 + 10 4. 23 4. 
31 + 15 + 24 4. 
34 16 25 + 
37 4. 17 + 27 4. 
39 + 22 + 28 4. 
41 4. 26 + 29 4. 
33 + 32 4. 
36 + 35 
40 4. 
42 + 
T 5 3 	2 7 43 3 	1 8 
Sources  of oharectors found in the groups A. B and C indicatod in 
Fig. 43. CH m character code EX = eopodito 9 BA = basipodito 
EN = ondopodito0 	T = eourco totalo in each group. 
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TABLE 41 
CAa0 SOUI1C GROUP TOTAL 5L XF, oi' 
GROUP sornwL0 
zopodite A 5 50 33 
B 7 50 50 
C 3 25 17 
A&B 12 50 80 
&oipodito A 3 30 37 - 5 
4 28 50 
C .1 9 12-5 
7 29 87-5 
opcditG A 2 20 15 
B 3 22 23 
C 6 66 62 
ACB 5 31 38 
lJxopodito A 8 80 35 
L, B II 78 48 
&oipodito 
C .4 34 17 
19 79. 83 
Tho tub1c ohoio the po.'cnt&,go composition of the opo 
C and A B as indiccted in Pia. 43 and group 
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Fig. 45., Ordered matrix of correlation 
coefficients (represented by three 
contour levels) between all possible 
pairs of characters excluding those for 
the endopodite segmente; based on data 
from C. typicus C. cbier}d4e and 
c hamatus. 
)2 
Fig. 46, Centopaea: The highly 
correlated characters of the fifth 
limb based on data for three species 
(C tyticua, C. Ohierchia and 
c.. iwnatua) and indicated on a male 
C. ticus P5. 
active in 000 way during transfer of the spermatophoro (whore roach 
is likely to be one of the important dimonsions). 
A continuation of the analysis to plot the principal components 
choio that the 43 characters in the study provide data for a clear 
differentiation between the three species despite correction of the data. 
Uhorcac tho matrin of correlation coefficients demonstrated the relation-
ship bett7oen characters (fl-nodo) the vectors show the relationship 
botwoon organisms based on the character data (Q.modo). A plot of 
vectors 1 and 2 is shown in Pig. 47. 
Copulntion 
The foregoing description has shown that the micromorphology of 
the female urosome and the coupling devices of the spermatophore are 
highly correlated. The existence of a precise point of attachment for 
the spermatophore stalk indicates that there is a need for accurate 
transfer and location and this, in turn, implies that structure and 
dimension play a vital role in their achievement. A number of structures 
described are complementary and interpreted as locating devices of the 
"lock and key" type. These devices together with the strong corre- 
lation between the chela capacity and the reach of the left oxopodito, 
suggest that it should be possible to describe a method by which copu-
lation is achieved in the three species under examination. 
The chela is used to grip the female urosome in such a way that 
transfer of the spermatophore and its coupling device must be carried 
out with the left exopodite. Attachment of the epermatophoro and its 
coupling device is achieved with the help of the modified female fifth 
limb and the tip of the spermatophore stalk is brought to bear on its 
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Fig.. 47. Result of a principal components analysis carried 
out on data from 43 morphological cba±actsrs measured on the 
male P5 of three species (C.tvpicua. 	chiercbiae and 
C . hmatus); vector 1 plotted against vector 2. 
device which is controlled by the spines and excrescences on the female 
uroconie and by the shape of the constituent plates of the couplôrs. 
At this stage in the investigation the precise method of transfer 
for each species is a matter of considerable speculation but there are 
a number of indications which oaergo from the structural study. In the-
case of 	 C. chierchiao and C. brachiatus the form and loca- 
tion of the couplers on the female urosome indicate that, in order for 
the male to release the female following transfer and attachment, the 
male must grip the female urosome at the genital segment. The structures 
which influence location and the actual attachment points in those three 
species are concentrated on the right hand side of the female urosomo 
and therefore for the male left exopodite to be concerned in the trans-
for the most likely orientation for the male is facing posteriorly 
with respect to the long axis of the female and in a dorsal position. 
To examine this possibility cardboard models of the female urosono and 
the male fifth limb were made to the same scale. A photograph of the 
mqdeln sot in the most likely position for the transfer is given in 
Plate 13. Gauld (1957) noted that the male and female of C. hamatus 
flexed their urosomes vertically so that the genital segments were 
adjacent but there is no further indication of the way in which trans-
fer could be accomplished. There is still loss indication of the way 
in which C. furcatus achieves transfer. 
It is not known how the male manages to ejaculate the spermato-
phoro and its coupling device but even allowing for the fact that the 
structures would be flexible, an immense distortion of the genital 
segment must take place. 
Maturation of the Adult Female of Centroaes typicus 
Three categories of females (adolescent, sexually mature and 
fertilised) / 
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fertilised) and two categories of males (adolescent and ripe) have been 
identified and described (Part IB). A point which needed investigation 
was to establish if there were any morphological changes as the indivi-
duals assumed those different conditions. 
Calanoid copepods metamorphose from the egg through six naupliar 
stages and six copopodite stages, of which the sixth copapodite stage 
is generally considered to be the adult. Many crustaceans are known 
to continue to moult as adults but despite speculative accounts such 
as that of Gurney (1933) when he suggested a moult to stage seven to 
account for the presence of an unusually large formof Diaptomus  
1atioes (Sara), it has not been conclusively demonstrated for the 
calanoid copepods. The presence of clearly defined large and small 
forms in populations of copepods has been well documented (Sewell, 1934) 
but the influences causing their production are not understood. 
In the Mediterranean samples of C. tyicus from Castellon a 
number of cast exoskeletons of various copepodite stages were found. 
Included in this sample were two stage six copepodite casts of appar- 
ently adolescent females. The casts are shown in Plate 14 photographed 
under dark ground illumination. Both casts were entire, clean and had 
perfect escape fractures. Tho escape fracture in all the casts was 
along the line of the joint between the cephalosorae and the mososome. 
It was difficult to rule out conclusively that those specimens were not 
artefacts which had resulted from death and the subsequent decay and 
scouring by protozoans and bacteria. 	The casts were examined by Dr. 
J.B.L. Matthews of the Biological Station, Espegronde, Norway, Dr. S.N. 
Marshall of the Marine Station, flhliport, Scotland and by Mr. H.G. Hunt 
of the Oceanographic Laboratory, Edinburgh who all concurred with the 
view that they were genuine cast exoskeletons. 
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The large number of casts was found only 'in the March sample but 
a few occurred in other samples. All the casts regardless of stage 
showed the same features, of which the most striking was the escape 
fracture. The general state of preservation of all the samples in 
the series was excellent with no evidence of decay. 
Without live culture studies there is still no conclusive proof of 
an adult moult but the present discovery provides some strong evidence 
in favour of the conclusion. If it is accepted that a moult is at 
least possible the question then arises of its position among the three 
recognised stages and what function, if any, it serves. The most 
likely position is in the change from adolescent to sexually mature 
since a moult from the sexually mature to fertilised would remove the 
posterior coupler which is the identifying feature of the stage. It 
is known that in many copepods, e.g.. Eurytemora hirud.inoidea, the male 
grips the stage five female and deposits the spermatophore as the moult 
to stages six takes place, (Iatona, 1970 personal communication). 
DISCUSSION 
Although the results presented in this section are of a preliminary 
nature they do raise some interesting points regarding' the transfer and 
attachment of the spermatophore and its coupling devices. Heberer 
(1932) stated that the indentations in the anterior hyaline coupler of 
C • tvpjcue were caused by the grip of the chela of the male fifth limb 
which he interpreted as transferring the spermatophoro. This work shows 
his conclusions to be in error since the chela is used to grip the 
female urosomo and that the indentations are formed before the couplers 
emerge from the male. In his figures Heboror also shows the epermato-
phoro stalk as continuing throu& from the attachment point on the 
second / 
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second urosome segment of the female to the genital opening. The 
present data does not support this conclusion. It is an interesting 
feature of the two species C • tivticus and C • brachiatus that they should 
display this attachment point on the second urosome segment of the 
female. A histological investigation is needed to look at the internal 
structure associated with this attachment point. 
The part played by two particular morphological features, the 
female fifth limb and the opines of the genital segment, is not entirely 
clear. When the female fifth limb is flexed back the modified exo-
podite segments (Re.2) lie just under the anterior part of the posterior 
coupler and on the side where the sperinatophore stalk lies when attached. 
If in the case of C. typious, for example, the male is dorsal to the 
female there must be a point where the coupling device has to be pushed 
beneath the female urosome since its shape dictates that it inucat be 
attached from the ventral side. It is likely that the female fifth 
limb plays a part in assisting the initial location of the coupler. 
The precise role of the female fifth limb and, incidentally, other 
aspects o copulation, will be known: only from direct observation. 
The spines on the genital segment are all different in their structure. 
The dorsal spine is fixed and has a tuft of spinules at the tip; the 
dorsolateral spine is mobile and bears a spiral pattern of apinules from 
base to tip; the ventro].ateral spine is naked and mobile and the ventral 
spine, situated just posterior to the genital opening, is fixed and 
naked. The mobility of the two lateral spines takes the form of a 
facility for extending their length by 25. There is no evidence of 
a protractor—retractor muscle system and it must be assumed that 
extension is achieved by coelornic fluid pressure. It has been stated 
in this account that the spines control the way in which the anterior 
coupler / 
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coupler closes round the genital cogiient and it may aloo be true that 
they help to rbaovo it after tranofo of the sporinatozoa, pooeibly with 
the aid of the female fifth limb."  
Clearly the points aedo in the conclusion to Part I have been shown 
to have como eubatanco. The process of transferring and attaching the 
opersatophoro and Ito coupling device is avon more complox than had 
ouopoetod. There are many places in the process of copulation which 
has been described bore whore small discontinuitios in the normal shapes 
and dimensions could impair the success of reproduction. It must 
therefore be considered a very, real possibility that isolation of mdc-
pondont populations at the subopecific level could be achieved by 
variations in the structures adapted for reproduction of the kind 
described in Part N. It Is, of course, true that discontinuitios in 
other aspccte of the biology of the species such as behaviour, timing 
of sexual maturity etc., can be equally effective in ioolatinc inde-
pendent subepocific populations. 
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1, c2alropanoo tniqji: Uroomo of falo with anterior coupler 
attached dorsal viou; freeze dried and coated with gold.. 
palladium alloy. 
The high vacuum coating unit, 
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GENERAL CONCLUSIONS  
The invostigations presented here have shot-rn that despite the 
limits to sensitivity inherent in the Continuous Plankton Recorder 
Survey, particularly in terms of the minimum area of sampling (2° lat., 
10 long.) and the category Oystea of analysis it is possible to 
recognise and identify infra='speeifla groups in the plankton community. 
In the present case four populations of and three 
populations of 	 have been shot-in to oniat in the North 
Atlantic, Dotailod analysis of distributions and population dynamics 
over a long period of time s using data assembled by the Continuous 
Plankton Recorder, enabled the location of population centres. In 
both organisms moristic and continuously variat.o morphological 
characters were submitted to a number of statistical analyses whose 
relative success in charactorising and separating the members of 
different populations is compared. It has been shot-in that whatever 
the method of statistical analyis the ultimate success depends upon 
the objective selection and refinement of the morphological characters 
used to represent population morphotypee. 
The principal method of analysis use discriminant function analysis 
in which population morphotypos were established. For T. lon 
a single discriminant function use sufficient to distinguish the North 
oa and Icelandic populations whereas in the case of C. ticu a mini-
nun of tuo discriminant functions use required. In the course of esta-
blishing the four population morphotypee of C. tpicus the results of 
using two different computational procedures usro cinod. In the 
outcome it ties shown that where more than two populations or groups 
are being enamined simultaneously it is advisable to use the whole of 
the / 
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the discriminatory power available, i.e, the full set of discriminant 
functions; the BND package fulfilled this role. Where only two popu-
lations are to be distinguished the Cooley and Lobnes method offers 
the facility for reduction to the minimum number of functions and 
characters necessary for a particular percentage success rate. The 
choice of success rate is still a matter for - debate. Is has been 
demonstrated, the discrimination of the North Sea and Icelandic groups 
of T. lonicornis is complete when 22 characters are used but that the 
success rate drops to 64 - 90 per cent when only one character is used. 
Clearly the choice of the success rate will depend upon the ultimate 
aim of the investigations and how much time and effort is to be given 
to identifying now individuals. In the case of T. lonicornis a 
future program is envisaged in which samples will be taken month by 
month in all statistical rectangles and classified on the basis of the 
morphotypes and discriminant functions erected in this present investi-
gation. The ideal would be to choose a number of characters on a 
single appendage so that the work of dissection and examination is 
reduced. 'lie choice can be made from the scaled vectors produced in 
the final analysis of the 22 characters. In this way a rapid and 
economic monitoring survey could be established in which the develop-
ment and extent of mixing of bympatric populations could be followed,  
One drawback to the method of discriminant function analysis is 
that its classifications are absolute, i.e. individuals are classified 
on the balance of their morphological characteristics and are allocated 
to one or other of the populations being investigated. There is no 
allowance for intermediate categories such as would result from 
hybridization between sympatric populations. It would also obscure 
clinal series between one extreme and another. For this reason it is 
difficult / 
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difficult to place any detailed taxonomic interpretation upon the 
renulte obtained in this way. However, elnoc geographically dietinot 
groups have been ehown to exist so= comment on their statue im justified. 
The two copepodo which have boon studied show the full range of 
degree of geographic isolation from total sympatry to aUopaty. In 
the eastern Atlantic populations Dhow varying degrees of 
oympatry depending upon the time of year while the isolation of eastern 
and western Atlantic populations is almost complete. Only a tenuous 
connection can be deinotratod by plotting the long—term annual ran. 
In view of the fact that those deductions are made from a ten metro 
sample only, it rct be conceded that a greater mining could tako place 
at other levels. T. lonktLcornis howover, ahotis a complete separation 
of the eastern and western Atlantic populations, both of which are 
confined within the bounds of the continental shelf. 	This latter 
case is true allopatry. 	According to iayr, Lindeley and Usinger 
(1953) the only infraspocific taxonomic category is the subapocies 
which they define as, 'gooraphically defined aggregates of local popu-
lations which differ taxonoolcally from other such subdivisione of a 
spocios'. The question of what represents 'taonoeic difference" is 
a vexed one and the literature offers little help in defining the term. 
The point is made by Oayr that populations shown to be statistically 
different are not necessarily taxonomically different. This is quite 
true if extreme variants were compared from opposite end of the scale 
of variation and from geographical locations at opposite ends of a 
partial sympatric distribution. If, for example, T, I onaicoEnis
,
was 
sampled from the Icelandic shelf region and compared (using uncorrected 
data) with T. lie - sampled from the English Channel, the 
statistical difference would be great and the size difference would 
preclude / 
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preclude interbreeding on the grounds of total incompatibility oo that 
the trio oanploe would be taionoidcally different in oieu1atin differ-
ant epocioo. Xn the rosulto proonted earlier it ie otr000d that 
every effort ie do to asor3o the total variability of a population 
and that in coaparing populationo from different aroae.componeation ie 
made  for dimoncional variation duo to environmental offocte ouch as 
tperaturo. Thus it must be concluded that difforoncoc botheon the 
morphological characteristics of the populationo oamined are roal and 
possible gonotically bound0 The distribution of aorplAotypes in differ-
ent proportions through the range of 	 sugestc that they are 
Genetically bound and very closely related. The arguiont is clearly 
one of the theoretical versus the practical. -The American population 
of 	 is totally isolated from the eastern populations and 
therefore interbreeding will never take place. The dofinitio&s of 
both opecies' iind oubspocieet include the vordo"potentially inter-
brooding and it io urforttanate that to make the asouuption that two 
allpetric populations arc potentially capablo of interbreeding is as 
groat as the converseo iroct and 1leminger (196B) in their discusoion 
of the Claugocalanun species coznplet etato that Differoneoe botioon 
intor and intragroup characters are heavily docontrated in ctructuro 
strongly influenced by ooall, 	Xxx the work an ç,ypicus the biggest 
differences betheon populations have been found in the appendages modi-
fied for oew3l reproduction. Xxi particular the differences noted in 
the chela shape of the alo fifth limb uere found to be geographically 
isolated bottoon the populations in the ouctorn and uostern.Athuitic and 
the oditerranoan. The point has been made that small differences in 
the reproductive structures could be strongly related to function0 In 
the event of attempted hybridization those differences uould impair, if 
not/ 
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not prevent, successful reproduction. The process of hybridization 
is wasteful and therefore evolution would tend to select for structures 
which ensure isolation and specificity. The detailed investigation of 
the methods of eperuatophoro transfer and attachment, and the morpho-
logy of the strctuos involved in several members of the 	ropa 
showed that the tendency was for specificity. No fecialos wore found 
with the "wrong" typo of spermatophore attached and very few with more 
than one of the correct type. Uhere multiple placement had taken 
place the second and/or subsequent epermatophores wore always in the 
correct place but unattached duo to the presence of the first which 
suggested that the male wont through an exactly identical p'ocedure 
each time • The inference from this and from the detailed examination 
of the micromorpholo' and the method of spormatophoro attachment it-  
that small differences will disrupt the process. It has been shown by 
Alexander (1962) that curvature in the subgonital plate of the female 
is sufficient to separate Crickto of the genus Gxllua from the genus 
Acheta despite the fact that it is such a slight difference ("which 
would scarcely be the sort of character ordinarily used to distinguish 
genera"). Not only does this make the point regarding small differ-
ences being highly functionally significant, it raises the question of 
the weighting of taxonomic characters used to separate taxa. In the 
classical taxonomy "visible" characters are assessed and individuals 
allocated to taxa on the basis of the intuitive weighting depending 
upon how different they are from other related taxa. This takes no 
account of functional significance as a weighting factor, 
The conclusion to be drawn as to the taxonomic status of the popu-
lationo described here is that the eastern Atlantic, western Atntie 
and Mediterranean population groups of C. typicun
,
and the eastern 
Atlantic / 
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Atlantic and western Atlantic population groups of T. longicorni 
are geographic subspecies (probably deserving the term races) which 
are composed of a number of local populations. The Western Irish, 
Skaggerak and Western Aproaches populations of C. typicus are local 
populations and probably represent the lowest level of identification 
possible with the Recorder Survey, The Icelandic and Iorth Sea popu-
lations of T. longicprnif3 are rather too large for .the term "local 
populations" but at this stage there is insufficient evidence to Co 
further and suggest, for example, that they are sibling species. 
This and other questions require exanination by methods of analysis 
specifically deoiied for the problem.. 
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APPENDIX 1. 	'. 
LARGE AREA Cl. 	 ALL ,10NTHS 	 . YEAR 1961 
BLOCK NO. 	. C-. .. r..4 cm  
ROUTE U . . 
cg. "0 .0 
SPECIENNO. 1 1 2 3 .1 2 3 4 1 2 3 
CHARACTER, . .. I ••. '. . 
Prox. o 45 44' 42 . 41 47 42 43 50 
Dist.. a 62 60 52 58 60 53 54 62 
Dist. b 	.. 39 40 41 40 41 40 . 42 45 
Dist. a + b 101 100 93 98 101 93 96 107 
1 227. 206 218 212 210 211 200 222 
3 67 71 62 63' 67 65 68 72 
4' .147 ' '133 140 135 134 141 128 142 
6 	, 98 . 93 99 95 92 93 88 98 
7 141 129 131 141. 134 131 132 126 
8 147' 131 131 141 132 133 132 131 
9 	. 	 . 57' .. .45 46 32 . 	 53: 50 51 45 
10 82 . 78 80 78, 72 81 .79 79 
38 	 ' 28 24 27 ' 	29' 25 30 26 26' 
39 . 	 . 48 . 55 54' 63, 56 53 48 50 
40 ' 214 168 186 179 '195 .186 199 198 
41 	. 22 ' 25. 24 24 28 20 25 26 
42 '. 58 . 48 53 54 . 	 55 51 '50 55 
43 38 , 40 41 47 .36. 48 32 . 34 
11ETASO1E INGTH 7.6 7.3 7..2 7.2 7.1 	.7.2 7.2 7.0 7.0 7.5 702 











a' , 	C a' a' 
0 
b 
0 • 0'0 0 S 0.0 S S 0 .• 0 a .0' G 0 
Rau data 20g, tho four r.o3tic cb3r too of tho malo 00niculate 
rje~ht antoE. 0 (,ivoya in o1 aukhomp cma tho fourtoon COntinurnaoly. 
varib10 chapactera of tho 1'EJft ad ,rijht oopodito of tho ualo fifth 
1mb, ciVow in cmticlao wito. - Nataocne 1otho aro aloo givon in  
ratiot10 wito. Rofor to pajo 34 for cha.rotor doocriptiono. 
1470  
BLOCK NO. . ,. 
cm 10 
ROUTE.  
SPECIflEN NO. 4 5 6 7 8 9 10 U 12 13 14 
CHARACTER 
Prox. c . 45 43 '49' 45 '42 42 42 46 41 
Dist. a ' 60 54' 63 64 ''56 58 55 64 54 
Diat. b 42 40 45 43 39 42 42 	. 47 36 
Dist. a + b 102.. .94' 108 107 95 100 97 111 90 
1 224 214 215 207 . .. 205. 220 202 
71 73 64 . '59' . 	 . . 58 . 63 60 
4 142 131 136 129 . .' 	 " 130 147 125 
6 	. 96 92 96 : '87 , ' . 82 95 . 88 
7 141 140 143 132 , 	 ,. ' 130. 134 130 
8 	. 	. 141 137 '.145 ." 131.' ' , ' 128 133 130 
9 ' 48' 40 52 	' 52 ,' ' 48 60 46 
10 76 76 81 74 ' , 82 84 81 
38 	. ' 	 28 29' 36 ' 29 . 24 25 27 
39 , , 	 50 58 ,,. 58 63 . 	 ,. 55 58 60 
40 205 196 181 	' 174 ' ' ' 177 194 176 
41 25 28 '27' 28' . '• 	 ' 	 , 28 31 27 
42. 	' ' , 51' 51 50 46 ': '. 43 51 48 
43 ' 40 35 35 , . 	 31 ' .' 36 35 28 
rTAs0rTh LENGTh 7.4 7.3 702 7.2 6.8 7.0 701 7.0 6.5 7.5 6.7 






LARGE AREA Cl. 	 . 	k4II1ONTHS 	. 	. 	YEAR 1961 
BLOCK NO. 
cm 
ROUTE UN .. . UIVko 
S?ECThEN IO. 1 2 3 4 5 1 2 5 '8 
ARACT . 	 . 
Prox. o' 40 43 44 . 40 . 45 40 43 . 	 . . 	44. 
Diet, a 53 65 i3 49 57 . 55 59 67 
Diet. b 37 42 43 36 43 37 39 . 44 
Diet, a + b 90 107 106 87 . 100 . 92 98 Ui 
1 	. 202 206 198 194 ', 200 . 202 . 205 216 
3 	. 	 . 55 . 68 60 62 . 60 67 63 65 
4 - ' 134 133 131 125 . 120 125 129 131 
6 ' 88 91 88 85 . 	 87 86 83 94 
7 122 117 119 123 130 130 133 129 
8 . 120 116 122 123 133 129 130 130 
9 	. . 54 58 52 39 : 	 . 29 51 49 46 
10 . . 80 . 	 75 , 	 72 74 76 82 80 85 
38 26 25 .24 23 , - 26 28 35 27 
39 	.' 56 55 58 52 57 61 , 63 60 
40 ' .171' 168 185 162 ' 176 187 179 180 
41 , 26 25 25'. 30 - 	 27 31. 26 25 
42 , . 45 44. 52 41 , 	 46 . 48 46 51 
43 ' 32 31 30 31 ' , 33 32 . 33 38 
EThSO!E'LENGTH 6.8 6.5 6.4 6.8 6.3 6.6 6.7. 6.8 6.4 7.3 7.4 
CORRECTION 















S S 5' .5' •- 
r4 0 'O..ri 0 On r4  
Block Woø  
.0 
RQUTE 110 	LOA 
CM 
SPECIUEN DO. 10 11 12 
CLHARACTER  
Poc0c 	. 39 ' . 	 . 
Djet0a 62 
Dit'0 b 	. 41 -. . . 
Di3t0 a.+ b ' 103  
1 .203 '202 203  
3 58. 63 54 	 . 
4 	.' 128 128 .144 . ,' 
'6 •. 	 . " 89.88 90, 	.. 	 .' 
7 	, 125 127 130  
124 130 133'  
9 	. . :45.4648.'  
.10, 72 77 71 	. .. 
38 	. 26. 24 22 .: 	 •, 	 , 	 ' 
39 	.. 0 52. 53.  
40 . 181 166 176' 	.: 
.41 	.' 	' 30"20 28'.  
42 . 	. W. 42. .46,' 	 ' 
43 	.. . 	 , 33 30 38'  
RETASONE IGTR. 65 6.5 - . 7.0  
CORRECTION  
0' O. 0 
FACTOR, 





BL0CC WO. . . . 	 . 
C', 
ROUTE 
LIN UN , 
SPECIE 	DO. 1 . 	 2 1 .2 3 4 	.: 5 6 7 8 9 
Pro. c 	. A8 40 47 44 49 42 42 48 41 
Dist. a 62 .. 	61 60 63 53 60 58 . 	 62 54 
Dist, b. 48 41 41 . 41 39 41 36 40 38 
Diat.' a + b 110 '102 101 104 92 . 101 94 .102 92 
1 	. 224 237 .208 217 195 229 . 204 203 217 211 
3 	. 66 68 62: 60 60 72 57 61 67 64 
4 141 149' 131 131 123 146 ' 138 . 123 135 132 
6 93 101 92 95. 86' . 94 80 . 75 93 105 
7 	. 11' 140 130 139 "122 137 140 148 131 118 
8 141 141 130 135 "120 134 ' 143 .135 130 128 
52 59 53 59. ' 57 65, 	.. 52 50 56. 51 
10 91 . 82 .73 95 75 77 . 	 78 80 77 80 
38 30 32 30 26 33, 30 24 27 25 29 
39 	. 	 . . 	 53 50 43 . 48 .52 42 ., 61 40 43 52 
40 201 216 194 185 189 197 . .187. 196 200 196 
41 23 26 26 28 29: 24. . 24 23 30 26 
42 54 56 52. 43 :32 53 48 52 52 49 
43 	.. 37 39' '35 34 ' 	 33 35 '. 40' .  36 34 36 
ETASOUE LENH 7.5 705' 6.6 7.0 6.5 7.7 6.5 6.4 6.3 7.0 6.9 




FACTOR. 0 0 O 0 O',c- If 0 O o 0 0 o 
14 4  P4 . S 0.' 
LARGE AREA D3 	 ALL W)NTHS' 	 YEAR 1961 





'SPECINEN No. 10 11 12 13 14 15 16 17 .1 2 .3 
CHARACTER . S 
Pros. C. 48, ' 42 '38 49 	. 46 45 45 48 
Diet. a 66 63 60 66 60 65 65 58 
Diet. b 41 45 41 42 44 41 39. . 43 
Diet • a + . b 107 •108 101 108 104 106 104 101 
11 210 207 231 214 212:. 237 
r 
253 242 
3 .67 62 .70 57 67 62 76 75 
4 129 126, 145 137 131 147 160 141 
6 	. 95 92 100 104 92 102 105 .102 
7 . 130 135 143 145 137 149 . 147 148 
8 	. 130 136 137 147 134 145 62 62 
9 . . 	55 53 62 61 52 51 92 81 
10 80 72 99 88 87 . 	•. 34 34 
38 2,7 27 32 
345 
24 3 . . 57 57 
59 59 . 	55 54 69 52 52 . 	. •. 211 227 
40 189 194 217 196 198 209 32 31 
41 25, 26 28 2 '2 26 ''. 61 51 
42 	• 	• 53 53 56 50 ` 48 54 . 	• 29 40 
43 . 40' 35 40 46 34 30, • 
4ETASOE LENGTH 6.7 6.9 6.7 7.'? 7.2 7.1 6,i2 ''70'1 7.9 7.8 7.9 
CORRECTION. 8 N 5 , p cm 'FACTOR g . 
•0 0 0''.r rl r4' 00 4 
LARGE AREA D3 	 ALL MONTHS 	
: 	 YEAR 1961 







SPECIMEN 'NO. ' 4 1 1 2 3 4 5 , 	6 7 8 9 
CHARACTER 
Prox. c .46 48 47 39 44' 49 ' . 42 47 44 
Dist. S. 57 64 63 54 58'-,.,,59, .57 63 55 
Dist • b 40 46 44 . 39 39 43 40 40 40 
Diet. a + b 97 110 '107 93 97 102 97 103 95 
1 	. 228 217 . 208 210 206 218 228 205 214 
.3 . 68 65 . 65. 60 63 64 68 59 61 
4 148 138 . 134. 130 129 130 142 134 133 
6 100 96 . 88 88 94 ' 	91 98 89 .92 
7 144 143. .129 132 136 134 145 134 141 
8 143 138 128 134 134 .133 140 135 141 
9 57 59 '' 53 . 50. 52 54 53 55 54 
10' 	. 84 i ' '84 74 81 Pg 88' 75 80 
38 ' 30 30 24 25 	. 30' 26 . 	32 25 24 
39 	' 60 49 . 	50. 50 47 50 47 48 
40 212 197 183 185 193 205 209 179 187 
41 ' 26 29 ' .. 	31 25 24 23 29 23 28 
42 . 	55 48 ' 	. 42 .47. 50 52' 49 .47 .48 
43 	' . 34 . 36 . 28. 28 32 38 41 32 34 
METASOME LENGTH 6.2 7.14 6.8 6.4 6.8 6.5 6.6 7.3 7.2 6.4 7.1 
CORRECTION'  
A ('m tD . t 1-4 t- t€ 'd 
' 
r4 rl 











.4 '—I 0 0-4 
153. 




ROUTE 1TTfl1 , S S - CI 	
0 
SPECINEN NO. 10 11 12 13 14 16 17 18 19' 20 21 
CHARACTER . . 
Prox. c . 45 40 42 45 48 40 38 38 45 
Dist. a 58 57 . 51 55 64. 61 54 '49 56 
Dist. b 	'. 43 . 42 39 .. . 	39 46 40 37 36 39 
Dist. a + b 	. . 101 99 90 94 110 101 91 85 95 
1 201 '234 '195 220 213 210 198 198 207 195' 
3 	. 59 63 56 62 65 63 " 72 	, 57'. 61 60 
4 . 136-  143 118 142 139 140 125 130 132 125 
6 7 . . , 85 89 83 
7 	. 126 138 125 144 137 135 • 130 130 128 128 
8 126 . 136 123 141 134 132 126 134 127 130 
9 49 5 53, 54 55 43 57 56 54 . 52 .49 
10 	' 84 .. 88 80 84 83 85 88 75 75 76 
38 ' 25 30 • 25 , 25. 26 27 28 .22 26 " 25 
39 	• 	. 48 51 - 55 51 48. 50 . 	44 52 '47 53 
40 ' 	' 183 196 186'. 196 199 189 192 185 '194 188 
41 28 25 26 27 29 25 24 25 27 27 
42 	' ' 	42 50 44 47 50 45 50 44 51 51 
43 	
5 	
' 34 , - 	34 33 , 	- 35, • 34 32 35 . 39 32 ' 	31 









C%j 4J c'J, 
ROUTE ' 
%O. 
. . . 
0 '  
SPECIUEN NO. 22 23 24 25 26 28 29 30 31 1 2 
CHARACTER 
'Prox. c 42 47 '0 41 44' , 45 38 38 
Mat, a 59 62 57 60 57 ,. 60 .' 61 52 
Mat. b 42 42 44 36 35 40 39 38 
Dist.a + b ' 	 101. 104 101 96 .92 100 , 100 90 
1 	. 207 240 206 207 216 '215 221 225 219 
3. 61 :68 62. 62 67 " 61 65 75 65 
4 131 142 126 125 135 137 .141 133 139 
6 	.• . 	 •. 	 . 91 100 86 87 95 . 90, 93 96 94 
7 . 136 ; 147 122 131 137 ,' ' 	 '135 13.6 151 138 
8 .134 146 123 '131 137 . 130 132 153 140 
9. 	, .' 	 , 46 . 	 50 . 45 47 :57 52 56 .. 	50 49 
10 ' .84. 89 71 88 66 .. .. 	79 . 90. 89 82 
38' 	, 	. 27 '27 '25 30 27 , 	 ' 30 27 32 27 
• 47 ' 	 50 ' 50' 54 . 50 ' 	 50 ' 58 '52 60 
40 	:. 191 188 182 182 120 194 201' 203 196 
41 	' 	. 	 . 26 25 , 	27 . 	 . 25 '. 25 31 31 25 
42 . 51 48 44 4 . ' 	 ., 50 . 47 52 52 49 
43 	0 	 ' 	 ' 30 34 . 39 , 	 , ,0 	 34 35 26 32 
EPASO1E LETGTH 6.8 7.5 6.8 67 7-5."7--4 6.7 743 7.2 7.4 7.6 
CORRECTION 
g 
'o. c FACTOR' , . . 	 O, 
, 
0 r-I 0 0 v-4 '-I 0 










SP1iCThEN NO. 	' 4 5 6 7 8 	' 9 10:'.' 11 12 13 14 
CHARACTER  
Prox. c. 47 ' 40 38 41 43 44 48 36 43 39 
Diet, a.. 	. 63 58 54 53 53 59 63 57 58 51 
Diet. b. ' 40 ' 41 40 34 37 40 40 43 35 31 
Diet. a + b 	'. 103. 99. 94 88. 90 99 103 100 96 . 82 
1 	' 	. 238 208 212 206 . . 230 223 220 220 
69 60 '. 63 60 , 	69 66 ' .73 63 
'' 4 	S , 153 139 129 135 .' 143 138 139 134 
6 	. . 102 89 ' 89 86 100 95 95 84 
7 	." ' 139 128 . 133 135 135 1io ' 139 157 
' 	.. 8 , 142. 127 131 133 132, 130 140 145 
62. 51 49 54 53 • 56 59 52 
10 	.., 88 . 77 ' 82 80' ' ' 	87 84 82' 91 
38 . 	" 28 23 ' 28 24 ' 27 22 ' 31 26 
39 	5 	 .., 	 5'" 53 5Q '.5 ' 	49 48' . ' 45 46 
' 62 48 
40 	' '200 197' 195 197 ' 210 195 . 211 197 
41 28 27 ' 26 26 . 31 . 	25 , 30 25 
42 	' : 51 50 ' 51. , 52 , 52 51 55 50 
43 35 32. , '29 35 42 38 '' 	 '. 38 36 
ETASONE LENGTH T,6'.7.0 7.0: 6.8 7.0 7.2 7.5' 7.3 6.8 6.9 792 










0 	.0 C' ON 0 
FACTOR . . . . 0 
. 
.1 




S 	 • 
0 14 
LARGE AREA D3 	 ALL MONTHS 
	
YEAR '1961 




SPECIMEN NO. 15 16 17 18 19 20 21 22 23 
CHARACTER . . •. 
Prox • o. 40 46 43 39 46 42 
Dist. a 56 67 54 60 65 52 
Dist. b 39 41 37 40 41 36 
Dist. a + b 	. .' 95 108 91 100 106 88' 
1 219 208 219 210 208 219 235 
3 63 69 61 69 62 67 66 
4' 140 129 133 142 132 130 136 
6 95 90 95 95 88 100 100 
7 141 134 135: 131 140 135 138 
8 136 135 131 128 133 123 135 
9. 53 55 59 54 '. 	52 76 57 
10 	. 	. 	' 88 87 86 83 81 86 93 
38 30 26 31 32 28 28 31 
39 , 	66 60 53 55 ' 56 53 51 
40 	' 213 182 197 203 192 200 209 
.41 29 25 28 29 . . 32 28 29' 
42 53 53 49 49 50 '51 ' 	49 
43 33 . 34. 35 35 37. 
METASOME LENGTH 7.0 6.6 7.2 7.1 6.5. . 6.4 7.2 '6.8 







0 N . 
FACTOR 	. S , . ,. , 
.' 0 .r-4 '4 0 0 r4 0 
LAMB AREA C4 
	
ALL flOITS 	' 	 YEAR 196 
BLOCK ljo. 	. 
ROUTD 
SPflCIflEN0. 1 '1 2 3 4 5 6 '.7' 8 9 10 
q.4APCT M. 
Prox. c 42 43 . 47: 47 45 49 43 49 44 
Diet. a 58 59 66 63. 65 . 64 60 '66. 71 
Dist. b 37 40 41 42 50 46 42 43 44 
Dict. a + b 97 99 107 105 115 110 102 109 115 
1 . 225 220 224 . 243 240 . - 217,225' 223,+239 
3 64 60 64 73 70 62 67 64' 68 
4 135 139 142 150 143 142 136 140 146 
6 	. 99 94 101 104 105 92 93 94 101 
7 139' 140 147 148 147' 139 145 134 149 
8- 134 136 146 146 144 136 144 131 144 
9 	, 	,. . 53 '47 52 . 49 49 •. 	50 	' 44 43 49 
10 , ' 88 75 ' 84 93 81 77 86 78 94 
38 	' 34 38 31 37 , 30 34 30 30 30 
39, ' 53 62, 65 70' 74 62 70 65 , 68 
40 215 207 200 . 209 201 186 203' 200 205 
41 31 32 30 28 26 28 30 ' 32 3 
42 	' , 54 51 51 . 55 ' 	54 49 50 , 	53 53 
43 38 50 40 , 	43 '35 36 37 34 41 
flETAS0E LENGTH ' 	5.6 747.4 7.8 7.5. 7.9 7.5 7.5 7.8 7.0 8.3 
CORRECTION 









0 n ' 
FACTOR 	..o o N D o I N o'' N o N o r  Q o 
S S I • 
o 
I •, I I I I 
158. 
LARGO AREA .C4 	 . 	ALL NPNTRS 	' 	 * '1EJI1 1961 
BLOCK 	O.  





SECIIIEN 110 0' "11 12 	13 14 15- 1 2 '1 2 3 4 
CRAMUCT - H:-
c 55 ' 	.. 48 . 47: 48 45 
Dict. a 73 . . 61 60 5 . 59 
Di3t. b 47 . 	. 	•. 42 43 40 42 
Diet. a + b 120 103 103 ' 95 101 
1 233 241, 241 240 207 227 200 221 230 204 
3 69 7.-. 8 67 61, .71 50 63 66 60 
4 	. . 	. .145 152 .155 157 135 141 120 .145 151. 131 
6 97 102 105 102 88 100 90 98 98 92 
7 . . 137 149 143 145 136 142, 125 142 141 133 
8 	. 	. 136 147 139 135 135 138 124 141 146 136 
9 . . 51 50 	... 56., 49. 47 50 48' 50 50 50 
10 85 88 87 87 78 85 80 85 93 76 
38 32 30 30 30 25 34 28 .27 .32 28 
39 	. 65 60 ' 60 67 60 63 58 60 70 58 
40 210 191 1187 212 179 213 181 193 201 223 
41 34 38 29 36 28 ' 27 27 . 28 29 28 
42 50 . 	47'. 48 53 47 58 .51 54 56 46 
43 40 42 36. , 38 32 30 31 29 '34 '33 








1 3 0- 
0 
- 
Ic'on '-4 . 0 0 







ROUTE . . 	. 
ON .0 
r4' 
SPECI1EL1tJO. 5 7 B 	9 10 12 13 14 
Prot. c 44 44 46 44 45 . 45 39 
Dist. a •62 2 61 58 66 54 
Dist ,b . 41 40, 45 40 39 45 41 
Dist. a + b •. 103 102 103 101 .97 111' 95 
1 220 213 213 	211 210 203 207 
3 66 68 62 62 60 55 65 
4 136 136 139 	134 135 132 129 
6 	. 97 94 92 91 89 94 89. 
7 130 127 133 	137 132 124 125 
8 126 128 134 131 130 122 127 
9 55 . 57 . 48 	47 48 48 48 
10 77 68 . 85 80 79 14 75 
38 29 30. 25 	26 24. 26 . .25 
39 67 50 61 59 56 54 60 
40 191 197 191 	186 190 183 .183 
41 26 28 29 31 28 22 28 
42 48 52 47 	47 50 54 . 52 
43 38 37 •., . 	42 	. 	32 41, 33 31 
S01 	LENGTH 7.0. 7.2 .704 75 	7.2 7.1 6.8 6.9 7.4 























ROUTE . . . 
SPECIflN NO. 1 2 3 4 5 6 7 8 9 11 12. 
Proz, c 41 46 46 47 42 38 42 46 
DjGt. a 60' 60 63 60 52 50 37 62 
b 40 45 41 39 . 	 ' 36 37 35 41 
'1ist. a c b 100 105 104 99 88 87 92 103 
1 212 223 225 210 212, 217 220 222 217 
3 143 143 140 136 132 142 151 141 136 
4 	''. 70 62 	' 70 67 74 62 78 68 60 
6 , 97 100 95 95 87 ' 91 95 ' '96 97 
7 130 133 , 129 120' 136 133 136 140 122 
8 	' 	 ' 132 143 133 122' 140- 141 142 142 129 
9 . 6247 4749544856, .5856 
• 	 10 	 ' 70 73 77.' .76 80 79 ' 	 87 87 74 
.38 . 27 25 : 	 24 25 25 25 28 ' 	 27 22 
39 	. 	 . 49 54 47 40 50 50 . 	 48 , 	 46 48 
• 	 40 189 '235 194 194 184 206 209 201 195 
41 	. 	 . 26 22 30 27 29 26 30. 26 , 26 
42 ' 	 • 	 • 42 52 46 53 54 55 51 53 
43 • 38 33 31 33 30 . 39 36 38 39 
-U TAB O 	LENGTH ' 	7.1. 7.0 ' 	 ' ' 7.2 6.9 7.0 7'1 7..1 6.8 7.5 • 6.7 
CORRECTION 	• 	 ' 
• 






• 	 . 
'
. 
N'  r N
. 











r 0 ' 0 
LARGE AREA $10 	 ALL MONTHS 	 YEAR 1961 
BLOCK NO. 
ROUTE a. cio 
SPECIMEN NO. 13 14 15. 16 18 19 20 21 22 23 24 
CHARACTER 
Prox. c 43 48 47 48 39 44 41 37 43 43 
Diet, a 49 66 62 59 52 57 54 52 56 53 
Diet. b' 38 43 45 39 '37 40 39 38 42 40 
Diet. a + b 87 109 107 98 89 97 93 90 98 97 
1 214 235 230 233 227 225 215 219 217 241 
3 145 155 146 150 141 139 132 137 137 155 
4 . 62 68 63'. 65 66 66 62 68 62 61 
6 	. 92 104, 97 100 ' ' 100 101 92 93 . 95 105 
7 ' 124 145 125 138 133 130 124 134 132 134 
8 129 151 126 145 ' ..143 132 129 136 135 141 
51 '53 54 51. . 52 48 51" 53 53 56 
10 	', 76 81 82 82 ' 81 74 77 70 80' 84 
38 	' . 62 2' 26 26 26 .26 30 24 23 26 
39 . . 48 57 52 58 ' . 	 56 50 50 50 52 56 
40 	' 189 210 201 211 ' 204 204 196 199 200 212 
41 . 	. 26 27. 30. ' 	 31 28 32 29 28, 32 28 
42 	' 47 55 55 56 51 53 48 41 52 51 
43 . 	 , 39 30 34 , 	 '36 '  43 40 37 30 42 . 37 
METASOME LENGTH 6.8 7.4 7.0 7.5 7.0 6.8 '7.0 64'. 7O 63 7.3 
CORRECTION 
FACTOR   Q ' ' ,- i-4 r-4 r4 C) r4 0 11 0 r-I 
161. 




0 c—'. . 	... 
ROUIRP, . * 	 . 
• 	 : . 
S?CX4 100 '23 26 27 .26.. 29,0, 30 1 2 3 4, 5 
'c 41 45 '37 42 43 38 . 34 
Diet. a '63 : 65 56 60 53 . 50 51 
Met. b. 38 40 40 43 37 35 38 
Dist 	+ b 101 
: 
.105,  96 103 90 .65 69 
1 	. 245• 205 220' 228 .216 215 202 200 195 208 196 
3 153 133 141 139 138 132 130 124 123 '' 131 126 
71 60 . 	63 62 68 62' 53 53 54 56 56 
6 105 :93 95 100.. 95 "92' 87 . 	84 66 88 , 69 
7 136 . 119 135 124 129 124 127 115 118 122 117 
8 	. 137. '124 139 130 133. 129 130, 121 121 '127 122 
9 '. ' 68 54 40 56 55. .51 50 45 46 50 53 
10 	' 87 , 75 79 76 .00 . 77 7 70 75 . 	75 76 
38 ' 28 24 26 25 .25 22 22 23 24 21 21 
39 	 . 5 .' 	46 49 66 54. .60 3E 47 	' 44 44 50 
40 .. 17 191 '199 . 205 '194 186 185 163 167 176 169 
41 	" 	 . 32 29, 30 30 24 25 27 24 • . 22 27 25 
42 . 51 '' 48 49 5 • 50 • 48 47 38 
• 	
45 .44 45 
.43 	,. 	• 40 35 37 . 34 . 	34 39 36 34. 30 • 31 31 
£TAS0iE LEGH 7.2 '6,4 6.5 6.9 7.0 6.6 6.3 6,2 65 6.5 6.0 













• 	 1ACd110R t. 
0 
r4 
Q\ C' C'. 
0 
0 C' C' • C' C 
\ 
(0 



























39 40 43 39 42 
Diet. c . 50 56 •• 63 ' 	55 ' 51 
,Dit 	b ' . 	. 35 39.. . .40 '36 .". 	 . 36 
Dist. a + b 85. 95 	'. 103 91' 87 
1 	 . , 190 202 195 .214 208 205 '204 201 216 
3 122 129 ' 124 ' 140 12 134 128 127 133 
53 55 . 55 ' 56 ' 60 '60 57 . 	58 61 
6 	' 86' 87 85 ' 92' 88 90 89 ', 	80 ' 91 
7 , 114 118 126 	' 126 129 118 119 120 123 
8 115 116 124 135 130 125 128 ' 122 126 
9 	. 43 45 '53 46 47 ' 	46, '52 ' 	
: 
46 . 	47 
10 . 	' 	. , 	73 78 66 ' 	, CO , 	82 68 83 78 76 
38 ' 24 25 26 	' ' '22 ' 	23 22 24 25 ' 	23 
0 47 45 38'. 45 . 	39 ' 	47 55 
40 	' 	., 	 . 175 173 161 ' 187 176 189 177 173 163 
' 41 . , 25 26 28 ' 23 25. 24 26 26 30 
42 	 ' 40'. 42 47' 0500, 44 50 45 , 	, 42 47 
43 , 	. .30 32 ' 	31 	- . 36 32 ,. 33 33' , 32 33 
1ThSO1, 	LEUGTE 5.9 63• 6.1 6.1 6.6 6.6 6.2 6.4 6.5 6.3 6.8' 
CORRECTION .  
N '-4 
. c7N 







LARGE A REA 210 	 ALL UONfliS ' 	 YEA 1961 
BLOCK 	0. . 
0 
• Lf% 
o " 	. ON 
SPECIflLN.I0', 	• 19. 20 22 23 24' ;.i 2 3 4 5 7 
CHARACTER . S 
Prox. o. 41 40 43 
: 
4,3 44 46 48 46 
Diat.'a 57 50 5 53 56 58 59 . 53 58 61 
Mat. b 35 34 35 31 38 40 40 38 41 41 
Dist. a + b. 92 84 87 84 94 98 99 91 99 102 
1 .217 . 199 209 219 217 222 220 216 
3 133 128 137 133 ' 137 159 144 146 
4 	. 64' 54 60 63 68 56 64 .66 
6 , 	95 ' '84' . 	'. B8 92 93 97 93 93 
7' 118 . 120 124 131 124 135 129 126 
8 '124 , . 124 . 130 136 128 .135 134 123 
9 	. 52 , 44 ''' 49 52 44 52 .53 49 
10 76 ' 72 •' 75 74 74 76 71 ' 76 
38 	. ' 24 • ' 	23 26 25 4 26 25, 28 
39 • 61 • • 	42 45 50 50 	' 44 50 48 
40 	, 	• 186 . 181 198 203 185 191 183 192 
41 	, 27 • 20 28 30 29" 25 28 ' 25 
42 
,0 
47 , .54 52 51 45' 42 46 48 
43 	0 • 	35 • 
0' 
• 34 • • 	41 . 	39 33 31 31 • 35 




N r 0 0 
 
0 

























K! 	MA fllO 	 LLL 	 LI 1961 
LE 0. 
on M 
SH"Cl ITTI E06 	3 	9 	10 U. 12 13 14 15 16 17 18 
Ltoz C. 42 41 45 39 47 44 41 42 4 44 
59 56 53 55 53 56 58, 57 93 59 
42 30 40 39 42 63 33 40 33 33 
Dicta a + b 97 94 93 94 95 29 96 97 0,05  93 
1 226 223 232 214 203 221 213 225 222 
3 146 144 153 133 133 143 139 149 156 
4 63 69 63 66 65 63 61 62 61 
6 99 93 90 1 98 92 96 
7 123 137 133 127 120 127 126 17 127 
3 131 140 137 132 126 12 129 141 13 
9 94 52 54 49 S 	53 43 94 69 45 
10 74 34 CO fl 71 70 63 63 75 
33 30 29 26 25 22 25 30 2 24 
39 57 54 55 53 44 55 43 50 52 
40 170 195 197 190 14 181 206 195 10 
41 23 29 31 27 29 23 24 26 .20 
42 52 53 43 42 44 56 53 49 46 
43 27 35 30 37 35 34 42 51 54 




ilO 	 £LL 	 1961 
4-, 
.-J 0 
xi 19 20 21 .23 24 
I1 
• 42 41 43 45 
a 60 59 54 60 
Xiit 	b 39 41 36 40 
a 	b 99 1G0 90 100 
I 213 220 217 213 
S 136 140 140 136 
4 1 62 64 61 
6 90 88 92 90 
7 126 156 Y1 126 
8 129 139 135 129 
9 51 
10 
 50 51 56
79 83 77 79 
23 26 26 25 
59 47 54 52 60 
6i 199 191 196 180 
30 27. 28 24 
62 52 46 45 49; 
56 H 36 34 35 
7.0 7.0 7.2 G.8 7.0 
0 C) N 
P4 
Ck1 I0 	A0 8 
2.5616  
iDX 2 





UC4]LLNO. 1 2 3 4 5 1 2 4 5 6 7 8 
72 87 64 63 72 65 64 72 69 66 66 62 
P5.(4) 150 150 151 153 172 142 147 145 167 142 146 150 
P.(1o) 89 R4 82 88 92 80 75 80 81 82 76 73 
tT20IE LEUGTH 8.0 7.9 8.4 7.7 8.7 7.9 7.7 7.9 8.0 8.0 7.6 7.2 
C ORflECT ION 
VIA 0 
(\J 
0 \ ,..O 0 
CJ 
VN 0 \ F\ 0 N 




. . . 
0 
. r4  
n 
. . . 0 . 0 
r1 ,1 r r c1 11 r- r r- 
Di 	 196] 
o . 
flOIJTE CA 
HJc113 NO. 1 1 2 3 5 6 3 9 10 12 
T5-0) 68 72 64 69 62 63 • 58 69 69 66 
149 153 132 137 155 150 137 139 172 148 
86 90 89 84 82 90 83 83 92 89 
























ON 0 . 0 . 0 . s- . 0 . 0 . rl . r4 
0 ri e-1 rl i-f i-I i-I i-I r i—I 
Raw data for tho throo eontnuouoiy variable characters of the male 
fifth limb chela used in the discriminant analysis of the oatoi'n 
At1tic populations by the Cooley and Lohnes method. Character 
data and metacomo 1enth2 are given in raticu1e unite. 
167. 







SPCXEN10. 2 3 4 5 6 8 9 1 2 3 4 
CHARACTER 
}5. 3) 66 65 69 62 74 59 65 62 64 64 70 
)?5. 4) 141 140 137 147 140 136 139 131 145 137 141 
'.5 	*) 84 87 8J 86 82 83 02 70 84 85 90 
I-ILMSOiM LENGTH 7.7 6,8 7,5 7,2 7.4 8,0 71 6.8 75 70 7.2 






N Lrs ? 
N 
4 N N 0 













SHCXflLJ ZO . 5 6 7 1 2 2 1 
CARACTER 
15.(3) 64 62 68 65 57 63 60 
133 130 143 152 132 125 142 
P5.(10) 88 79 80 90 74 76 76 
TAS0JE IGTH 7.1 6.9 6,8 7,9 6,7 6,8 7.0 








C; 00 oll 
168. 




SPECIkIN NO. 1 2 3 5 
CHARACTIR 
P5.(3) 65 66 68 73 
P5.(4) 131 150 148 133 
P5.(1O) 76 78 82 06 
flETAOL LJGTH 7.5 8.1 7.5 7.5 
CONflECTION 
FACTOR N o 
N N 







LARGE AREA Dl 	 ALL NOWM 	 YEAR 1961 
BLOCK HO. cri 
ROUTE 0 
SPECII1EN NO. 1 2 3 4 5 7 8 9 10 11 12 
CHAflAC?LR 
5.(3) 60 60 55 62 57 53 64 59 63 75 62 
I5(4) 131 125 128 128 129 127 	130 127 124 120 130 
P5.(10) 72 85 85 76 78 77 85 78 78 75 85 





SFJIHEN NO. 13 15 16 17 18 19 20 22 1 2 3 
CIIJJ3JkCT12 
5.(3) 62 57 65 62 70 68 68 57 55 56 65 
P5.(4) 130 126 120 134 122 134 135 125 141 123 130 
15.(10) 87 76 77 87 82 77 79 77 80 81 86 











0 N N 
t\ 





FACTOR 0 0 . 0' 0• 0' 0 0 . . S ON  • • 
14 r4 0 0 -I r4 0 0 rI r 
170. 









a:;cThEIj NO. 4 5 6 	7 8 9 15. 2 1 1 2 
15 73 71 67 	66 58 62 62 56 50 70 
4) 139 144 137 	145 133 138 143 133 122 133 129 
79 88 80 79 87 77 87 78 80 89 8i 














EPT.cflr:rJ No, 3 4 1 2 3 4 7 
C&• 
64 76 71 60 70 68 6 
136 132 141 14 134 137 130 
. (10 67 68 34 77 84 86 84 
NI1TAOE LEIGTH 7.5 7.9 7.4 7,3 7.4 69 7.2 
OIECTION 0 N 








0 .—s .-.i 
171, 








rrtr '0 IA IA IA 
cm CM cm CM 
SPECX13U0O 3 4 5 6 1 2 1 4 2 3 4 
CER 
68 69 65 68 65 65 69 72 60 59 62 
P5.(4) 138 126 131 137 141 135 143 140 132 131 128 
P5-(lo) 80 83 79 si 90 86 32 95 "is 91 77 
tA0I 	LEIGTH 7.1 6.5 6.1 6.8 7.1 7.0 1.6 7.6 7.1 .4 6.6 







N IA CJ Cf 
0 
N LA 
PACTOR .0C) C S U) I S 0 S 0 S 0 0 S 0 I O O 




SPECIN121 I0. 5 6 9 10 11 12 
ARACTE 
25. 3) 61 68 68 59 68 61 
25. 4) 138 139 137 1i0 131 134 
P. io) 82 84 B() 82 79 81 
ETASOE LEIGTH 7.1 6.7 	7.0 6,9 6.6 6.5 
CORRECTION 0 0 N N LA 
4 
N 0 O 
IA 
0 CO CO IA 
FACTOR 
r4 0 4 0 0 0 
172. 






WN UN UN 
SPECINENNO. 2 3 4 5 6 7 1 2 3 4 1 
CHARACTER 
P5.(3) 62 69 68 67. 73 69 63 62 63 66 74 
P5,(4) 145 154 158 132 152 147 143 137 139 141 159 
P5.(10) 76 83 88 93 87 85 84 93 77 91 94 


















































BLOCK NO.  
S 
ROUTE to 0 
SPECIUiN NO. 2 4 5 7 8 10 11 14 16 1 2 
CHARACTER 
P5.(3) 73 73 71 63 66 69 71 75 69 74 72 
155 150 143 168 148 147 146 .144 149 148 150 
P5,(10) 89 94 92 76 90 76 93 86 85 89 89 
NETASONE LENGTH 8.3 8.1 7.2 8.2 8.0 7.5 7.9 7.6 7.9 7.7 7.9 
CORRECTION 


























CsJ 0 C%J 
S 
173. 
LARGE AREA D4 	 - ALL MONTHS 	 I 	 YEAR 1961 
BLOCK NO. . av 
CM 
ROUTE UN 
SPECIMEN NO. 2 3 4 5 6 8 9 10 12 .13 15 
CHARACTER 
P5.(3) 64 70 68 64 63 69 70 71 67 66 67 
P5.(4) 149 153 135 128 136 142, 140 133 144 140 137 
P5 .(io) 88 80 78 82 79 84 81 86 78 76 87 
METASOME LENGTH 72 7.1 6.9 6.4 7.0 7,3 6.9 7.3 6e9 '7.5 7.1 











FACTOR o o • C' • C • 0 • 0 • C' • 0 • C' . 0 . 0 





SPECIMEN NO. 16 17 18 19 20 1 2 3 5 8 9 
CHARACTER 
P5.(3) 67 62 67 63 66 68 64 54 55 62 55 
P5(4) 135 138 	137 144 142 130 132 130 125 121 144 
P5.(10) 74 79. 80 82 86 86 80 '72 80 74 91 


















FACTOR 8 • 	. 0 00 ON 
t\ 


















SPLCX01 NO. 10 12 13 14 16 17 18 19 20 2 3 
25.(3) 55 57 65 58 56 56 65 63 53 58 57 
130 130 129 135 124 140 134 147 128 122 120 
75 76 61 78 75 81 81 74 78 75 71 




0 N 0 N 
FACTOR CD CYN F 
BLOCK NO. 
ROUTE 
SPECINEN NO. 4 6 7 8 9 10 11 12 13 14 15 
ACTF,1 
P5.(3) 62 60 59 61 58 68 58 60 58 56 57 
P5.(4) 141 123 129 133 122 134 128 129 127 123 118 
P5.(10) 69 74 77 83 70 95 85 81 76 74 78 
tETAS0NE LENGTH 6.7 6.3 6.5 7.1 6.5 7.7 6.9 6.8 6.5 6.4 6.6 
CORRECTION 
O o N r N . o N N Ci 
FACTOR 0 0 N C 0 

















dRGI: AREA D4 	 ALL .10NTHS 	' 	 YEAR 1961 





SPEC IUFN NO 16 18 20 21 22 23 25 2 4 
CHARACTER 
P5.(3) 57 60 54 56 52 60 59 64 59 72 61 
P5.(4) 124 124 127 123 130 122 125 130 129 128 130 
P5. 10) 77 78 69 84 73 70 81 77 80 77 79 
IMASOM LENGTH 67 6.7 6.2 6.6 6.4 6.0 6.5 6.5 6.8 6.6. 7.1 
CORRECTION 
N 0 0 N 0 N 1.41 
ON  
114,  
IA 0 0 LA N IA N r \ 





0 0 0 0 
S 





SPECI1RN NO. 7 8 9 10 11 14 1 2 4 5 b 
CHARACTER  
P5.(3) 59 62 63 61 67 60 56 57 56 58 56 
P5.(4) 128 140 128 137 128 128 127 128 120 125 127 
5.(10) 81 . 89 bl 83 73 82 70 74 67 74 77 
£UTASOLiE LENGTH 6.5 609 68 6.9 6.7 6.4 64 65 6.3 6.2 5.6 
CORRECTION 



























a' S a' a' • 
CO 
a' S S S 
0 0 
I 
0 0 0 0 0 0 0 0 0 
176, 




U0U.i4 ca Cl) 
ON 0\ 
Lc\ UN 
iCIENU0. 1 3 4 1 2 3 1 3 4 2 3 
5•(3) 60 67 70 66 60 52 55 61 55 65 63 
p5.(4) 135 137 137 136 133 13]. 131 129 132 138 138 
83 74 92 80 72 82 82 79 88 83 63 
IThTAS0Ia Y-110WH 7.2 7.0 7.5 6.6 6.8 6.7 700 6.7 608 7.1 7.1 
coRI:c:xoll 
N 
! . . 
BLOCK ITO. 
ROUTE S ON 
SPECIUEN ITO. 4 6 7 8 9 2 
GUI BACTR 
P5.(3) 66 65 55 65 65 65 
F5.(4) 134 152 15 13C 139 147 
i5.,(1O) 82 82 8U 32 78 69 
UTASO 	LENGTH 7.0 7.3 6.9 6.9 6.5 6.6 
CORRECTION 









i-I r4 0 
S 
177... 
LARGE ARLA D5 	 ALL flONTHS 	 YEAR 1961 
BLOCK NO. 
ROUTE 
SPECIiLJO. 1 1 2 3 4 6 7 16 7 8 9 
CHARACTER 
P5.(3) 64 62 56 58 68 55 65 63 62 61 56 
15.(4) 147 133 117 133 	133 134 155 152 136 140 	123 
77 73 73 79 77 85 80 84 76 78 75 














































SPECIMEN NO. 10 11 12 14 17 18 19 20 
P5.(3) 60 62 61 53 62 63 59 59 
P5.(4) 123 133 140 124 127 131 133 124 
P5.(10) 81 77 82 73 8 82 70 73 



















0\ 0". S 
0 0 0 0 0 
178, 






LA (A (A (A 
sPneIr.TT 	0. 4 6 7 1 2 2 4 1 1 2 4 
67 69 69 67 67 72 63 74 68 66 6 
P5.(4) 158 '152 167 144 145 148 143 158 149 149 140 
ps.(io) 95 os 101 ri 80 as 84 88 83 82 80 
AS0 	LPTGI 8.0 8.2 8.0 6.7 6.6 7.4 G-C 8.5 8.0 7.4 7.6 
o o - o o 
ON 0 Ln U. 0 0 
FACTOR 04 0 rl CM r 
r'4 r4 '-4 0 0 4 r4 r4 
Bylocil ITO. 
HUM  
SPCI1.1ThIT 110. 1 2 3 5 7 8 9 10 12 13 15 
PV1Mfl'T) 
11-5 .(3) 66 69 65 72 66 67 71 72 65 68 75 
150 145 145 140 145 137 142 149 134 145 141 
94 38 79 85 90 74 85 82 88 84 80 
AS011E LMIGTH 7.6 .7.6 8.2 7.6 7.1 7.6 7.5 7.3 7.4 7.3 7.5 
C0flTIdCTX0IJ 
0 0 0 0 N 0 0 N 
FACTOR c 01 °. ' 
r r1 r4 r4 H 1 l r i-I rl 
179, 
LARGE AREA E4 	 ALL 1.1011THS 	 YEAR 1961 
BLOCK TIA £# • IS \ 	• 
0 
ROUTE. a ca 
SPECIIiEN 	O. 17 19 20 1 2 3 4 8. 7 11 12 
CNAIt.CTER 
P5. (3) 73 67 64 71 59 67 61 61 54 58 59 
143 150 152 145 127 141 128 139 128 135 132 
P5..(10) 80 (J4 78 88 78 7.1 79 78 79 86 63 











N r4 0 U 
FACTOR Q •. 0 • r4 S (J • • (\ 0 . . 0 . 01 . 







SPECIURN 110. 13 14 15 16 17 18 20 21 22 23 24 26 
1'5.(3) 67 •67 68 62 59 57 .63 58 64 63 56 63 
p5.(4) 146 137 140 126 138 135 135 126 139 138 128 130 
p5.(10) 87 83 72 80 82 73 81 78 80 79 68 75 
UETASOiE LENGTH 7.7 7.0 7.0 6.5. 7.3 7.0 7.2 6.8 7.2 7.5 6.8 6.. 
CORRECTION 
n 0 0 
ri 
0 0 r' N rI t N N 
FACTOR 0 8 
180 
LIRCI PRFJ, L5 	 ALL 1 ,10TITES 	 TEJR 1961 
BLOCK NO. 
E:cIIn:. 	O. 1 2 3 4 6 7 11 12 13 14 15 
P5.(3) 61 64 64 56 57 55 60 64 52 59 57 
140 131 10 127 131 117 122 L 132 130 126 
Ic) 82 73 74 74 77 70 77 79 75 79 80 
OTASOYE LENGTH 7.3 6.8 6.5 7.0 6.5 6.0 7.1 6.5 6.4 6.5 6.7 
CORIWCTION qr it o 
rp 
*  0 9 Iz 
3 NN  
,•4 ) 
S S FACTOR  S • - • I S 
0 C '-4 C) C) C) 
HLOCK rm. 
F C11 	O. 17 18 20 22 23 24 25 26 27 28 29 
i5.(3) 61 64 65 57 62 61 59 60 52 57 55 5(4) 13- 11 125 135 130 143 129 132 133 
L7 U2, 30 79 79 C2 63 
STCIL LTrCt1t 6.9 7.2 70 6.4 6.7 6.6 7.6 7.3 6.5 7.0 6.8 
CORRICri 1011  
CO rf 
0 0 '* 0 0 - 










FiXTOR S S S C1 S 0 0 S I 0 t 
0 .-4 rl 0 ri ri r- C) • S 
181. 
LRCIE AREA ES 	 ALL MOMITS 	 YEAR 1961 
BLOCK NO.. ms 
ROUTE 
ca 0 r4 co 
100 
0' 
SPCI!YI!N 	'0. 30 1 2 4 5 7 8 10 12 1 4 
P5.(3) . 57 58 57 56 63 54 51 53 55 54 66 
5,(4) 137 127 126 	123 128 128 113 120 116 123 112 
is.(io) 77 io 65 70 74 76 67 63 76 61 66 













SPflCIIN I!0. 5 6 7 8 9 10 11 12 13 14 15 
C3AflAC2IR 
1'5.(3) 56 51 59 56 58 63 57 59 55 59 56 
123 103 122 32. 122 121 122 128 119 118 131 
rs.(io) 7fl 68 6i 71 69 65 70 75 70 70 i 
L2A01I LITOTR .6.2 6.4 6.5 6.1 6.5 6.8 6..2 6.0 6.2 6.0 6.4 
cOflaJcTIOI1 o• r- N NO N 
CA 
r1 
ON oo m 
N 
1ACTOR . .- 0' ., S. co • S 00 • m S 
0 0 0 0 0 0 0 0 0 0 0 
102. 





1TLOK 	0. F4 LA 
• LA sP 
R0UTr 
o' 0 0 
011 
SPflCXLLJI 	i:o. 16 17 18 19 20 21 1 3 6 1 	. 2 
CIJARACTflfl 
P5.(3) 56 60 54 53 61 59 48 51 55 50 54 
P.(4) 123 125 123 120 121 132 117 117 120 118 120 
P5.(10) 63 70 74 73 66 72 64' 70 70 70 65 


























FACTOR ON ' . co 








F5 - 0) 
P5. (4) 
?5 0' (10) 
ETAS0UE L71 127I 
CORRECTIOIT  
FACTOR 
3 	4 	7 
56 52 50 
148 114 114 
65 71 71 
5.5 5.8 5.8 
LA 
Co 	 N 
Co 
N Co 	Co . 	. a 
0 0 0 
183.. 
APPEIDXX 3. 
I11LA 8 	Iediterranoan, 
CENTROPAGES TYPICUS. 
CODE NO. , 1 2 3 4 5 6 7 . 8 9 10 
CHARACTFR 
1 7.6 8.2 9.5 7.4 8.8 7.9 8.1 7.7 7.9 8.3 
2 7.55 8.2 .  9.45 7.35 8.65 7.95 8.1 7.75 8.15 8.35 
3 74 7.95 9.25 7.25 8.4 7.7 7.8 7.6 7.95 8.05 
4 7.3 7.8 9.05 7,1 8.2 7.4 7.55 7.5 7.7 7.8 
5 7.2 7.65 8.95 7.05 8.0 7,25 7.4 7.4 7.55 7.65 
6 7.15 7.6 8.75 7.0 7.8 7.05 7.2 7.35 7.5 7.55 
7 745 7.55 '8.65 7.05 7.7 7.0 7.2 7.35 7.5 7.45 
8 7.15 7.55 8.55 7.05 7.6 6.95 7.1 7.5 7.5 7.4 
9 7.2 .7.55 8.5 7.1 7.6 6.95 7.1 7.35 7.55 7.4 
10 7.3 7.65 0.5 7.15 7.65 7.05 7.25 7.45 7.65 7.4 
II 7.4 7.75 8.55 7.25 7.7 7.1 7.35 7.55 7.75 7.5 
12 7.55 7.9 8.65 .7,5 	. 7.85 7.2 7.55 7.75 7.85 7.65, 
13 7.75 8.1 8.8 7.75 7.95 7.3 7.8 8.05 7.95 7.8 
14 8.0 8,4 8.95 8.1 8.2 7.55, 8.05 8.3 8.15 8.0 
15 8.4 8.7 9.35 8.55 8.5 7.8 8.45 8.7 8.45 .8.25 
16 8.75 9.05 9.55 8.6 8.9 8.15 8.85 9.1 8.8 8.5 
17 9.3 9.2 9.9 9.5 9.25 8.4 9.25 9.4 9.15 8.8 
18 9.5 9.4 10.15 9.8 9.45 8.8 9.4 9.65 9.35 9.0 










o 0 . • 0 S 	' O S 0 • . S 
0 0 ' 0 0 
6.7 6.6 6,9 6.8 ' 6.5 6.4 6.6 6.8. 6.4 6.8 
Rau data  fox tho oaminton of -LIID third oopodito onont of tho' 
male fifth 1mb of Ctro 	c,p 	 and C. chierchiao, 
Ioacurononto of r (1 19) ao ffivon in contimoteo and tho motaoono 
1ontho in Gx'ticu10 mito. 
164. 
A Pr, A 	rn 
	
1IONTH 	Auimat 	 YEAR 1963 
ROUTT NO. 263C BLOCK*.21 17 15 
CODE NO. 1 3 1 2 3 .4 
CHARACTER 
1 9.5 .8.]. 7.9 8.4 6.9 7.93 •. 
2 9.7 8.05 8.05 8.35 7.2 P8.04 
3 9.7 8.0 8.2 8.3 7.35 8.08 
4 9.75 8.05 8.35 8.2 7.45 8.13 
5 .9.8 8.15 8.55 8.4 7.65 8.27 
6 9.9 8.35 8.7 8.6 8.0 8.5 
7 	.10-05 8.45 9.0 808 8.25 8.7 
8 10.2 8.6 9.25 8.95 8.6 9.0 
9. 10.35 8.8 9.5 9,15 8.9 9..2 
10 10.4 8.9 9.75 .9.35 915 94 
11 10.55 9.15 9.95 9.55 9.55 9.7 
12 10.75 9.4 10.2 9.8 9.95 9.95 
13 11.0 9.65 10.45 10.1 . 10.35 10.15 
14 11.2 9.95 10.7 10.55 10.7 10.5 
15 11.55 10.4 10.95 10.95 11.25 10.8 
16 11.9 10.85 11.25 11.4 11.75 11.1 	. 
17 12.15 11.3 11.55, 12.0 12.1 1105 
18 12.4 11.5 11.7 12.15 12.25 11.75 










0 • •.0 . 
H H H H H 
TiSO . 
LiNGTH 7.6 7.3 71 7.2 7,.2 7.0 
185.. 
LARGE AREA: 	Cl 	MONTH: September 	 YEAR 1961 
I ROUTE NO. 	264C 	BLOCK: 	21 
CODE NO. 	1 	3 	4 	5 	6 	8 	12 	13 	14 
C}ACR 
1 8.5 8.5 8.93 7.6 9.5 8.0 8.5 8.0 9.0 
2 8.5 8.65 9.2 7,75 9.45 8.15 8.6 8.15 8.95 
3 8.4 8.7 9.15 7.85 9.4 8.15 8.55 8.25 8.85 
4 8.45 8.7 9.1 8.0 9.45 9.2 8.55 8.5 8.75 
5 8.35 8.8 9.15 8.15 9.5 8.35 8.6 8.65 8.75 
6 8.5 8.85 9.15 8.35 9.55 8.5 8.7 8.85 8.75 
7 8.6 8.95 9.2 8.6 9.6 8.7 8.8 9.05 6.75 
8 8.75 9.0 9.25 9.05 9.75 8.85 8.85 9.2 8.8 
9 8.85 9.1 9.35 9.35 9.85 9.05 9.0 9.5 8.85 
10 9.05 9.25 9.45 9.65 9.95 9.25 9.1 9.85 8.9 
11 9.25 9,4 9.6 9.9 10.5 9.55 9.5 10.15 9.05 
12 9.4 9.55 9.75 10.25 10.25 9.75 904 10035 9.25 
13 9 0 6 9.75 10.0 10.5 10.5 10.0 9.6 10.65 9.4 
14 9.9 9.95 10.25 10.85 10.75 10.4 9.85 1009 9.65 
15 10.15 10.2 10.6 11.25 11.1 10.75 10.1 11015 9.9 
16 10.55 10.5 10.9 11.55 11.45 11.05 1064 11.45 10.3 
17 11.0 10.8 11.25 12.0 11.9 11.45 1097 11.7 10.55 
18 11.2 10.95 11.45 12.3 1.1 11.65 10.75 11.85 10.75 





rl 0 0 
C4 C'J 0 
0 
I S I I I I 0 
r4 r 1 '-4 r4 0 r4 
MLTA30}fl 
LENGTH 	7.0 7.2 7.4 7.3 7.2 6.8 6.5 7.5 6.7 
186. 
iLA 	Cl 	 October 	 !Li 1961 
265 25 
CO)X 11 JO. 2 3 4 5 
CHLCI 
1 7.2 6.6 8.0 7.39 
2 7.3 6.7 8,05 7.47 
3 7.55 6.9 8.1 7.35 
4 7,7$ 7.1 8.15 7.45 
5 7.95 7.3 3.2 '1..5 
6 8.1 7.6 8.3 7.3 
7 8.3 7.35 6..5 f..95 
8 B.5 6.1 0.45 8.2 
9. 6.65 8.35 8.5 5•.4 
10 8.35 0.6' 0.6 0.6 
11 9.0 0. 8.7 3.8 
12 9.25 9.15 8.d5 9.05 
13 9.55 9.4 9.05 9.35 
14 9.75 9.65 9.3 9.65 
15 1045 10.05 9.6 10.05 
16 10.45 10.5 9.65 10.5 
17 10.75 10.75 10.1 '10.9 
18 10.35 10.05 10.35 11.1 






o 0 0 
6.5 6.4 6.8 6.3 
187, 
4LL •iLL.g 	1 
	
1OTU 	October 	 1961 
I AOU 	 265 	 BLOCK: 	27 
CODE UO. 2 3 5 8 10 11 12 
CRAIiAC T Y-41  
1 7.5 9.3 9.0 7.3 742 8.1 8.5 
2 7.6 9.25 9.0 7.95 7.25 8.25 8.65 
3 7.6 9.1 8.95 0.1 7.3 8.2 865 
4 7.7 9.0 8.9 8.2 7.4 8.3 3.75 
5 7.G5 8.95 8.95 0.3 7.6 8.5 0.0 
6 8.1 U.95 9.05 8.5 7.85 8.45 8.9 
1 8.3 9.0 9.1 J.G 8.15 8.6 10.15 
8 895 9.05 9.15 8.0 8,4 8.7 10.25 
9 0,75 9.05 9.2 8.95 8.6 3.85 10.35 
10 9.0 9.1 9.3 9.15 8.85 9.0 10.45 
11 9.2 9.15 9.45 9.35 9.15 9415 10.65 
12 9945 9. 0.6 9.65 9.45 9.5 9.8 
13 9.8 9.4 9.7 9.95 9.85 9.55 10.05 
14 10.15 9.65 9.9 10.25 10.15 9.75 10.4 
15 10.5 9.85 10.15 10.65 10.5 10.05 10.7 
16 10.95 10.1 10.35 11.0 10.95 10.5 11.05 
17 11.45 10.3 10.6 11.35 11.3 10.9 11.4 
18 11.7 10.5 10.8 11.65 11.6 11.1 11.55 
19 11.95 10.5 10.95 11.9 11.85 11.25 11.65 










c4 4 rl 0 0 
S 
LO 
6.7 6.8 7.3 7.4 6.5 6.5 7.0 
lea. 
LLRG1. AlEA: 	C4 
	
h0H: September 	YEAR 1961 
{OUTU L0 	15 ABU 	 ,BL0CK 	1 
C0)t 10. 	1 	2 
	




11.05 11.5 12.35 12.9 13.4 11.95 11.45 12.1 12.7 11.2 
11.9 11.35 12.25 12.75 13.0 12.25 11.25 11.75 12.5 11.15 
11.75 11.2 12.1 12.45 12.7 12.05 11.1 11.45 12.35 11,15 
11.4 11.05 11,8 12.1 12.1 11.65 10.95 11.1 11.95 10.85 
11.05 10.8 11.55 3.1.8 11.6 11.4 10.65 10.65 11.55 10.6 
10.75 10.6 11.3 11.45 11.15 11.1 10.4 10.25 11.25 10.4 
10.5 10.45 11.1 11.2 10.8 10.85 10.2 9,9 11.0 10.1 
10. 10.35 10.9 10.95 10.5 10.65 10.15 9.55 10.8 9.95 
10.05 10.25 10.65 1075 10.2 10.35 10.05 9.25 10.5 9.75 
9.8 10.15 10.55 10.5 9.95 10.15 9.95 9.0 10.35 9.6 
9.6 10.05 10.45 10.25 9.7 9.9 9.95 8,75 10.15 9.4 
9.4 10.0 10.3 10. 9.5 9.75 9.9 8.6 9.95 9.25 
9.25 9.9 10.2 10.0 9.25 9.5 9.95 8.45 9.8 9.2 
9.05 9.8 10.15 9.65 9.05 9.25 10.0 8.35 9.6 9.05 
8.95 9.75 10.05 9.75 8.85 8.85 10.05 8.15 9.4 8.95 
8.85 9.7 10.05 9.7 8.7 3.75 10.15 8.0 9.2 8.9 
8.8 9.7 10.15 9.75 8.7 8.7 10.3 8.0 9.1 8.85 
8.7 9.7 10.25 9.63 8.7 0.6 10.5 8.0 9.1 8.9 








































v-I 	v-I v-I v-I v-I 
S 
v-I v-I v-I 
S 
rI 
- 	 7.4 7.8 	, 7.5 7.5 7.8 7.0 8.3 7.7 
189. 
LARGE AREAS C4 (contd.) 	NONTHs September 	YEAR 1961 
I flOUTE 0.: 	15 ABN 
CODE 110. 13 14 15 
CHARACTER 
1 13.6 12.95 13.5 
2 13.4 1247 13.35 
5 13.05 12.4 13.15 
4 12.6 12.0 12.5 
5 12.0 .11.65 11.95 
6 11.8 11.3 11.4 
7 11.45 114 10.9 
8 11.1 1005 10.5. 
9 10.8 10.4 10.1 
10 10.45 10.05 9.65 
11 9.95 9.75 9.25 
12 9465 945 849 
13 9.25 9.2 8.5 
14 8.95 8.9 8.05 
15 8.75 8.7 7.75 
16 8.55 8.6 7.55 
17 8.5 3.55 7.4 
18 8.45 8.45 7.25 
19 8.4 892 7.0 





lb,ITGTF. 	7.4 	7.2 7.8 
BLOCK:1 
1900 
LARGE' MUM: 	C4 	 IiOTh: 	Octobor 
	
YEAR 1961 
ROUTE EQ. 193 W BLOCKS 	13 	15 
CODE IO. 1 1 2 3 4 5 6 8 9 
CHARACTER. 
1 11.6 10.85 12.5 11.8 11.05 11.55 11.3 12.2 11.7 
2 11.45 10.7 12.35 11.6 10.95 11.4 11.1 12.05 11.65 
3 11.4 10.5 12.15 11.4 10.8 11.15 10.95 11.85 11.5 
4 10.95 10.2 11.9 11.0 10.65'10-8 10.7 11.5 11.15 
5 10.6 9.9 11.5 10.75 10.35 10.45 10.45 11.1 10.75 
6 10.45 9.6 11.25 10.55 10.15 10.2 10.8 10.25 10.6 
7 9.95 9.35 11.05 10.4 9.95 9.9 9.9 10.5 10.1 
8 9.75 9.15 10.85 10.3 9.8 9.65 9.7 10.25 9.85 
9 9.5 .9.0 10.65 10.2 9.65 9.3 9.6 10.0. 9.7 
10 9.35 8.9 10.5 10.1 9.5 9.2 9.45 9.8 9.55 
11 9.25 3.85 10.25 10.1 9.45 8.95 9.3 9.65 9.5 
12 9.15 8.6 10.0 10.05 9.45 8.75 •9.25 9.45 9.4 
13 9.05 8.75 9.85 10.35 9.5 8.55 9.2 9.2 9.35 
14 9.0 8.7 9.7 10.1 9.5 8.35 9.1 8.9 9.2 
15 8.9 8.65 9.45 10.15 9.55 8.2 9.0 8.75 9.05 
16 8.85 8.6 9.. 10.15 9.55 6.05 6.9 0.6 9.05 
17 819 8.55 9.2 10.25 9.7 7.95 8.85 8.4 9.0 
18 0.91 8.5 9.2 10-55 9.9 7.9 3.75 8.2 9.1 
19 8.8. 3.7 8.9 10.3 9.9 7.7 8.6 7.9 9.1 
N IA N 
LA 0 0 C 
• N '.4 N N Ct o ON 0 rI 0 0 0 0 0 
I S I I 0 S 
F4 0 r4 1 p4 p4 p4 14 
flETAZOE 
LENGTH 	7.1 	6.7 7.3 7..7 7.0 7.0 7..2 7.5 7.2 
I 
1910 
L(RG AI1ui.: 	C4 (contcl). 	h0I;fl: 	October 
	
YLAR 161 
ItC'JTi 	NO. 193 W BLOCK: 	15 
CODE NO. 10 12 14 
1 12.25,11-05 10.3 
2 12.0 10.85 10.25 
3 11.6. 10.7 10.1 
4 11.3 9.55 10.0 
5 11.0 9.25 9.7 
6 10.6 9.95 9.5 
7 9.25 9.65 9.3 
6 9.95 9.4 9.2 
9 9.6 9.15 9.1 
3.0 9.3 9.0 9.05 
11 9.1 8.85 9.05 
12 8.85 8.75 9.0 
13 8.65 8.5 9.0 
14 8.55 3.35 9.05 
15 8.1 6.15 9.1 
16 7.C5 8.0 9.1 
17 7.7 7.85 9.05 
16 7.6 7.75 9.25 
19 7.5 7.6 9.2 
CIN o 
I 
r1 0 r4 
I IETM01E 
MIlIGTH 	7.1 6.8 7.4 
192. 
LARGE AREA: D3 	 MONTH: 	Nay 	 YEAR 1961 
ROUTE NO. 	54S BLOCK: 17 0 21. 
CODE NO. 1 	2 
	
1 	2 	3 
	
4 	6 	7 	8 
CHARACTER 
1 10.0 10.0 
2 10.0 10.1 
3 9.9 10.0 
4 9.9 10.0 
5 10.0 10.0 
6 10.1 10.0 
7 10.3 10.0 
8 10.5 10.1 
9 10.5 10.2 
10 10.6 10.3 
11 10.6 10.4 
12 10.8 10.5 
13 10.9 10.7 
14 11.1 10.9 
15 11.3 11.1 
16 11.5 11.4 
17 11.6 11.5 
18 11.8 11.6 
19 11.R 11.8 
8.8 9.3 8.2 9.0 9.8 10.5 9.0 
8.8 9.3 8.2 9.0 9.8 10.3 9.1 
8.8 9.2 8.2 	9.0 9.8 9.8 9.]. 
8.8 9.1 8.3 9.0 9.7 9.6 9.1 
8.9 9.2 8.4 9.0 9.6 9.4 9.2 
9.0 9.4 8.6 9.2 9.7 9.2 9.3 
9.1 9.6 8.7 9.3 9.8 9.1 9.4 
9.2 9.7 8.9 9.4 9.8 8.9 9.5 
9.4 9.8 9.0 9.0 9.5 9.9 8.8 
9.5 9.8 9.1 9.6 10.0 8.7 .9.7 
9.5 9.9 9.3 9.9 10.1 8.7 9.8 
9.1 10.1 9.5 10.0 10.3 8.7 9.9 
9.9 10.4 9.7 10.3 10.5 8.8 10.1 
10.0 10.6 10.0 10.6 10.7 8.9 10.3 
10.5 10.9 10.3 10.9 11.0 9.1 10.5 
10.6 11.2 10.4 11.3 110 9.3 10.6 
10.8 11.4 10.5 11.5 11.5 9.5 10.8 
10.9 11. 10.5 11.6 11.6 9.6 11.0 
11.1 11.7 10.5 11.6 11.7 9.7 11.0 
N 0 0 IR N tt\ 
0 \ 0 U) cyl 0 ON 
I I S 
0 rl 0 0 0 
r•1 r4 
193. 
1AROP, AXaA: 	D3 	 10Ni'r1 
	
YEi.fl 196 
01J 	O. 5 BL0CIC 	21, 25 
COD 	0. 9 10 11 12 13 14 15 2 3 
1 014 345 941 96 10.8 8.9 10.0 10.0 9.6 
2 8.5 805 9.0 9.9 10.8 8.9 10.1 10.0 9.7 
3.5 8.5 849 9.8 10.4 8.8 10.0 10.0 9.6 
4 8.6 8.5 8.0 9.9 10.2 848 10,1 10.0 9.6 
5 8.7 8.6 8.8 909 10.1 8.9 10.1 10.1 9.7 
6 9.0 8.7 8.9 10.0 10.0 9.0 10. 10.2 9.0 
7 0.2 8.0 9.0 10.2 10.2 9.2 10.5 10. 10.1 
3 9.4 899 9.0 10.3 9.9 904 10.6 10.4 10.4 
9 9.6 9.0 9.2 10.4 9.9 9.5 10.6 1045 10.6 
10 9.9 94 9.4 10.5 1040 9.7 10.6 10.6 10.8 
11 10,1 9.3 9.5 10.6 10.0 9.9 10.7 10.3 11.0 
12 10,2 9.6 9.7 10.7 102 10.1 10.8 11.0 11.2 
13 10.4 9.9 10.0 10.8 10.4 10.4 11.0 11.2 11.3 
14 10.6 10.2 10.2 1100 10,6 10.6 11.2 11.5 11.5 
15 10.8 10.4 10.6 116 10.0 10.9 11.4 11.3 11.8 
16 11.0 1007 11,0 11.4 1162 11.2 11.7 - 12.2 
17 11.0, 10.9 11.2 11.4 11.4 11.4 12.0 12.4 
13 11.1 11'.O 11.4 11 flOG 116 121 12.4 12.6 
19 11.2 11.2 11.6 11. 11.9 11.0 12.2 12.4 12.6 
8 o 
cm 
C O" 0 0 
p 
C.) 0 0 
0 
0 r'4 r4 r4 
194.. 
IA's 	D3 	 NORNU i 	July 	 YLt 1961 
Rob lkii 00. 5GS 1 
C0D]O. 1 3 4 5 6 7 8 9 10 12 
CIUACEL 
1 9.3 8.0 6.9 6.4 9.1 9.0 3.9 10.0 70 9.2 
2 9.3 3.2 6.9 66 9.2 9.0 9.0 10.0 7.5 9.4 
3 9.2 3.3 0.9 8.4 9.2 9.1 84 9.9 7.6 92 
4 9.2 8.5 6.9 8.3 9.2 9.2 9.0 9.7 7.7 9.1 
5 9.2 0.6 8.9 3.4 9.2 9.4 9.0 9.7 7.9 9.2 
6 9.4 8.0 9.0 3.5 9.3 9.6 9.1 9.7 8.2 9.2 
7 9.4 9.1 9.1 6.7 9.4 9.9 9.2 9.8 3.4 9.3 
8 9.5 9.3 9.2 3.9 96 10.1 9.3 9.3 8.6 9.3 
9 94 9.4 9.3 9.0 9.6 10.3 9.4 9.6 3.6 9.4 
10 9.8 966 9.4 9.2 9.7 10.5 9.5 9..9 9.1 9.6 
11 0.9 9.3 96 9.5 9.3 107 0.6 9.8 9.4 9,6 
12 10.0 9.8 97 9.8 9.9 10.9 9.9 10.0 9.3 9.9 
13 10.3 10.1. 9.6 10.1 10.1 11.2 9.9 10.1 10.0 
U. 
10.2 
14 10.6 10.3 10.1 10.5 102 11.5 10.2 10.3 103 10.6 
15 11.0 10.6 1003 10O8 10.5 11.8 1.5 10.5 10.6 10.9 
16 11. 11.0 10.7 10.2 10.7 12.1 10.9 1009 1100 11.2 
17 11.6 11.1 10.9 1066 10. 12.3 11.2 11.1 11.4 
18 11.0 11.4 1141 1008 1102 12.4 11.4 11.2 11.5 1.6 
19 11.9 11.5 11.3 10. 111 . 1205 124 11.5 117 11.9 
N N 





a% ON 0 0 0 0 
195. 
LARGE AREA: D3 	 MONTH:. 	July 	 YEAR 1961 
ROUTE NO.: 563 BLOCK: 1 
CODE NO. 13 14 16 17 18 19 20 21 22 23 
CHARACTER 
1 8.1 10.1 8.2 9.0 9.2 8.7 7.7 9.4 8.9 9.0 
2 8.2 10.0 8.3 9.1 9.3 8.8 7.9 9.2 9.0 9.1 
3 8.2 10.0 8.4 9.0 9.1 8.8 7.9 9.0 9.0 9.1 
4 8.2 9.9 8.5 9.0 8.9 8.8 8.0 8.9 9.0 9.1 
5 8.3 9.9 8.7 9.1 9.0 8.8 8.1 9.0 9.0 9.3 
6 8.4 9.9 9.0 9.2 9.0 8.9 8.3 9.0 9.1 9.6 
7 8.5 9.9 9.2 9.1 9.0 8.6 9.1 9.2 9.8 8.8 
8 8.6 9.9 9.4 9.3 9.0 9.0 8.8 9.0 9.3 9.9 
9 8.7 9.9 9.6 9.4 9.0 9.0 8.9 9.0 9.4 10.1 
to 8.8 9.9 9.8 9.5 9.0 9.0 9.1 8.9 9.6 10.3 
11 8.9 10.0 10.0 9.5 9.1 9.1 9.3 9.0 9.8 10.5 
12 9.1 10.1 10.4 9.7 9.3 9.3 9.6 9.1 10.0 10.6 
13 9.4 .10.2 10.6 9.9 9.4 9.5 9.8 9.2 10.3 11.0 
14 9.7 10.4 10.9 10.1 9.6 9.8 10.1 9.4 10.5 11.3 
15 10.1 10.6 11.3 10.3 9.8 10.1 10.3 9.6 10.9 11.6 
16 10.3 10.9 11.9 10.6 10.1 10.6 10.7 9.8 11.2 12.2 
17 10.5 11.1 12.0 10.9 - 10.8 11.1 10.0 11.4 12.5 
18 10.6 11.2 12.2 11.0 .- 13.1,, 11.2 10.1 11.7 12.7 
19 10.6 11.3 12,3 11.2 10.6 11.2 11.3 10. 11.7 13.0 
196. 
I10JAM, As 	D3 	 i0tTU: July 	 1961 
11(0 122 U0. 56G ILOC 
©0D 	10. 24 25 28 30 
CILAIUCIER 
1 8.2 3.8 9.2 0,4 
8.3 8.9 9.4 8. 
3 8.4 8.9 9.3 8.6 
4 8.5 9.0 9.3 3.6 
5 8.6 9.0 9.4 8.3 
6 8.7 9.0 9.5 8.9 
7 8.8 9e1 9.7 9.2 
8 8.9 9.2 9.7 9.3 
9 8.9 9.2 9.8 903 
10 8.9 9.3 9.0 9.7 
11 0.0 9.4 10.0 9.9 
12 9.2 9.6 10.2 10.1 
13 9.5 9.8 10.4 10.3 
14 9.7 10.1 10.6 10.5 
15 9.9 10.4 10.9 10.7 
16 10.1 10.7 11.2 11.1 
17 10.2 10.9 11.4 11. 
18 10.4 11.1 11.6 11.5 




.. 0 . 
0 
. 
0 0 '-I 
197. 
LfR0E AflCi; 	D3 	 101Th: 	Auut 	 . YEAR 1961 
R0Ui 	40. 57$ 	. . . BLOCK: 21 
CODE 110, 1 2 4 5 7 8 10 11 13 14 
CHARACTER . 
1 11.2 9.9 9.4 fS.2 3.8 .9.0 8.8 8.8 10.1 9.8 
2 11.3 9.9 9.6 8.2 8.9 9.1 8.9 .8.7 10.1 9.8 
3 11.1 9.7 9.7 8.3 8.9 9.1 8.9 3.7 9.9 9.7 
4 11.0 9.6 8.7 .3.4 8.9 9.1 9.0 8.7 9.8 9.7 
5 10.9 9.6 9.8 8.7 9.0 9.2 9.1 8.8 9.9 9.7 
6 10.8 9.7 9.9 8.9 9.0 9.5 9.4 8.9 9.9 9.7 
7 10.7 9.8 9.9 9.1 9.0 9.6 9.5 9.1 9.9 9.3 
3 10.6 9.8 10.0 9.2 9.1 9.1 9.3 9.6 9.2 9.9 
9 10.5 9.3 10.1 9.4 9.3 . 	 9.8 9.7 9.3 9.9 9.9 
10 10.4 9.8 10.2 9.5 9.4 10.0 .9.9 9.4 9.9 10.0 
11 10.5 9.9 10.4 9.6 9.6 10.1 10.0 9.5 9.9 10.1 
12 10.6 10.1 10.5 9.9 . 9.8 10.3 10.3 9.8 9.9 10.2 
13 	. 10.7 10.2 10.7 10.1 9.9 10.6 10.4 9.9 10.0 10.5 
14 10.8 10.4 10.9 10.4 10.1 10.7 10.6 10.0 10.2 10.8 
15 11.0 10.6 11.2 10.6 10.4 10.9 10.9 10.1 10.5 11.1 
16 11.3 10.9 11.5 10.8 10.0 11.1 11.2 10.5 10.8 11.5 
17 11.6 11.1 11.8 11.0 11.1 12 11.4 10.8 11.0 11.8 
13 11.8 11.2 12.0 11.3 11.3 113 hOG 10.9 11.2 12.1 
19 12.0 11.4 12.1 11.4 11.3 11.5 11.8 11.0 11.3 12.3 
0 
0 0 0 0 
N 0 N N 
ri o d 
193. 
LARGE AREA: 	D3 	 1-10 1": August 	 YEAR 1961 
ROUTE 110. 573 BLOCK: 21 
CODE NO. 15 16 17 18 20 21 22 
CHARACTER 
1 8.4 9.5 9.4 8.5 8.6 7.3 9.2 
2 8.6 9.5 9.5 8.6 8.6 745 9.2 
3 8.6 9.3 9.4 8.6 8.7 7.6 9.2 
4 0.6 9.3 9.4 8.7 8.8 7.6 9.1 
5 8.8 9.4 9.4 8.8 8.9 7.6 94 
6 8.9 9.4 9.4 8.9 9.1 7.8 9.3 
7 9.1 9.4 9.4 9.1 9.3 7.9 9.4 
8 9.3 9.4 9.5 9.2 9.4 8.1 9.5 
9 9.5 9.5 9.5 9.3 9.7 8.4 9.5 
10 9.6 9.6 9.5 9.5 9.9 8.4 9.6 
11 9.9 9.6 9.6 9.6 10.1 8.7 9.8 
12 10.2 9.8 9.7 9.9 10.3. 8.9 10.0 
13 10.5 9.9 . 	9.8 10.0 10.6 9.2 10.2 
14 10.7 10.1 10.1 10.3 10.8 9.5 10.5 
15 11.1 10.2 10.3 10.5 11.2 9.9 10.9 
16 11.5 20.5 10.5 10.8 11.6 10.3 1101 
17 11.0 10.7 10.7 11.0 11.8 10.7 21.4 
18 12.. 10.9 10.8 11.1 11.9 11.2 11.5 
19 12.3 11.1 10.9 11.1 12.0 11.3 11.6 
o 0 












LARGE AREA: 	ElO 	 YEAR 1961 
ROUTE NO. 3b BLOCK: 5 
CODENO. 1 2 3 4 5 . 	: 7 8 9 10 11 
CHARACTER . 
1 9.7 10.15 10.2 8.5 9.8 9.2 9.5 9.5 10.1 9,05 
2 9.7 10915 10.3 8.6 9.1 9.4, 9.4 9.6 10.3. 9.2 
3 9.6 1000 10.3 8.6 966 994 9.25 9.5 10.1 9.1 
4 95 9.8 10.3 8.6 9,4 9.05 9.4' 9.9 9.9 9.0 
5 904 9.65 10.2 8.65 9.3 9.3 8.9 9.45 9.7 8.95 
6 9.4 9.5510.2 8.75 9.2 9.25 8.8 9.4 9.7 8.95 
7 90 905 10.25 808 9.1 9.25 8.15 9.45 9.7 9.0 
8 903 9.4 10.3 8.9 900 902 87 9.5 9.6 9.05 
9 9.2 9.4 1043 9.1 9.0 92 8.75 9.5 9.5 9.1 
10 9.2 9.4 10.35 9.4 9.0 9.2 8.8 9.5 9.5 9.1 
11 902 9.3 10.4 9.7 9.05 .9.15 8.8 9.6 94 9.2 
12 9.2 9.35 105 100 .9.15 9.15 8.9 9.8 . 9.7 9.3 
13 9,4 94 10.6' 10.25 9.2 9.2 9.0 10.1 9.8 9965 
14 9.55 9.5 104 10.6 904 9.3 .9.2 1093 9.9 9.65 
15 .9.7 9.7 10.9 11.1 9.7 9.5 9.5 10.6 10.2 9.95 
16 908 . 909 11.1 11.5 10.0 9.6 9.7 11.0 10.35 10.3 
17 10.05 10.2 11.25 11.7 10015 9085. 909 11.35 10.5 10.6 
18 1001 1004 11.45 11.9 10.3 94 10.1 11.7 1096 10.8 

































LARGE AREA: 	ElO 
	
YEAR 196] 
ROUTE NO. 3Eb BLOCK: 5 
CODE NO. 12 13 15 17 18 19 21 23 
CHARACTER 
1 9.5 9.2 9.2 9.8 7.9 9.3. 9.7 10.1 
2 9.4 9.35 9.4 9.8 7.9 9.5 9.8 10.1 
3 9.1 9.3 9.4 9.7 7.9 9.2 9.6 9.9 
4 8.9 9.3 9.3 9.55 8.0 9.0 9.4 9.7 
5 8.8 9.3 9.2 9.5 8.1 8.9 9.3 9.6 
6 8.7 9.3 9.0 9.45 8.2 8.8 9.2 9.5 
7 8.6 9.3 8.9 9.4 8.35 8.75 9.25 9.4 
8 8.5 9.3 8.85 9.45 8.5 8.7 9.3 9.3 
9 8.45 9.35 8.9 9.4 8.6 8.7 92 9.2 
10 8.45 9.4 8.9 9.45 8.8 8.7 9.25 9'2 
11 8.5 9.45 8.9 9.5 9.0 8.7 9.35 9.15 
12 8.6 9.6 9.0 9.6 9.2 8.9 9.55 9.2 
13 8.7 9.65 9.1 9.8 9.5 9.05 9.7 9.3 
14 b.9 9.8 9.2. 10.0 9.7 9.3 10.0 .9.4 
15 9.1 10.0 9.5 10.3 10.05 9.5 10.3 9.6 
16 9.3 10.3 9.7 10.6 10.8 9.75 10.6 9.8 
17 95 10.5 10.0 11.0 11.0 10.0 11.0 9.9 
18 9.6 10.65 10.15 11.4 11.25 10.2 11.2 10.15 



















0 0 r4 0 
201. 
.4ARGE AREA: 	ElO 	 .. 	 YEAR 1961 
ROUTE NO. 4a BLOCK: 39 
CODE NO. 1 2 3 4 5 6 8 10 11 12 
CHARACTER 
1 9.5 9.2 7.5 9.1 800 8.2 8.4 10.7 9.0 9.5 
2 9.4 9.2 7.7 9.1 8.0 8.3 8. 10.7 9.15 9.5 
3 9.2 8.9 7.7 8.95 7.9 8.3 8.4 10.3 9.0 9.3 
4 9.0 8.7 7.6 8.85 7.9 8.15 8.3 10.0 8.9 9.0 
5 8.85 8.5 7.6 8.8 7.8 8.1 8.3 9.8 8.9 8.9 
6 8.8 8.4 7.7 8.7 7.8 8.1 8.2 9.5 8.85 8.7 
7 8.7 8.3 7.9 8.6 7.9 8.1 8.3 9.4 8.85 8.5 
8 8.6 8.15 8.0 8.55 7.9 8.1 8.3 9.2 8.8 8.3 
9 8.6 8.05 8.2 8.5 8.0 8.1 8.4 9.1 8.8 8.2 
10 8.6 7.95 8.3 8.5 8.1 8.15 8.5 9.0 8.85 8.2 
11 8.7 7.95 8.5 8.5 8.3 8.2 8.6 9.0 8.9 8.2 
12 8.7 8.0 8.7 8.' 55 8.4 8.36 8.7 9.0 9.1 802 
13 8.9 8.15 8.9 8.6 8.65 8.5 8.9 9.0 9.2 8.5 
14 9.0 8.4 9.2 8.8 8.95 8.6 9.05 9.1 905 8.4 
15 9.3 8.5 9.5 9.0 9.3 .8.75 9.5 9.2 9.7 8.7 
16 9.6 8.7 9.9 9.3 9.5 9.0 9.7 9.3 10.0 8.9 
17 9.9 8.8 10.2 9.6 9.8 9.15 9.9 9.6 10.2 9.1 
18 10.0 9.0 10.5 9.8 10.0 9.4 10.1 9.65 10.4 9.2 
19 10.1 9.1 10.7 10.1 10.3' 9.45 10.35 9.8 10.6 C3 
• 
d 0 0 o 00 
202. 
LIMaD L loz' 21 00 	 210 
	
LXt 1961 
ED. 	 39 
C0D DO. 14 	17 	18 	19 	23 	7 
1 9,7 03 94 9.6 3.9 6.6 
2 9.7 0.9 904 9 Z14 9.2 6.05 
904 3.3 9.5 9.4 9.0 700 
4 9.2 3.0 9.3 9.2 3.3 7.1 
5 9.05 37 9.15 9.05 8.6 7.23 
6 9.0 3.6 8095 8.9 8.5 7.5 
7 0.9 0.6 0.8 7 0.4 7.6 
3 8.7 8.6 307 8.5 3.35 7.83 
9 0.6 3.6 3.6 3,45 0.4 3.1 
10 6.2 3.6 0.5 0.4 0.4 8.3 
11 3.6 8.6 006 3. 3.4 8.6 
12 3.7 807 
a- 
.5 .3 8.5 8.3 
25 8.7 309 8.6 805 8.7 900 
14 9 9.0 3.7 8.5 8.9 9.2 
15 9.1 902 009 85 9.2 9.3 
16 902 9.4 9.1 8.9 9.5 9.9 
17 9.4 9.6 9.3 9.0 9.7 10.3 
16 905 9.7 9.5 9.2 9.9 10.6 
19 9.7 9.3 9.5 9.23 10.0 10.9 
N 	 N 
N 
0 C) 
o 0 0 0 0 0 
2050 
1961 
o; 	o, 7 
COD113 	TJO. 1 2 4 5 6 7 8 11 12 13 14 
1 0.4 11.0 9.4 
9. 
9.5 1012 1G7 10.0 9°5 9.6 9.0 11.2 
2 9.5 11.3 91 10.1 10.8 10.9 9.6 9.6 9.2 11.1 
9.2 11.4 9.1 9,0 10.0 10.5 10.7 9.5 9.4 9.0 11.0 
4 9.1 110 9.0 8.9 9.7 10.1 10.4 9.4 9.2 6.0 10.6 
5 8.9 10.6 3,9 8.9 9.6 9 .9 10.2 9 .3 9.0 8.0 10.7 
6 8.9 10 .  *6 8.7 3.6 9.5 9'.7 10;0 9.3 9.0 0.6 10.6 
7 0.9 lo'* 2 8.7 8.7 9.4 9.5 9C 9.3 9.0 8.7 10.5 
8 8.9 10.0 8,7 8.7 9.4 964 9.6 6.9 6.7 10.5 
9 90 98 807 8.7 9.4 9.4 94 9.4 8.9 8.8 10.3 
10 9.1 9.6 3.0 8.6 9.4 9.4 9.6 9.5 8.9 8.9 10.3 
11 92 9.4 8.'9 8.8 9.4 9.5 906 9.6 .9.0 .6.9 10. 
12 9.4 9.3 9.0 88 9 - "5 9.5 9.5 9.3 9.0 9.0 10.4 
13 9O5 9.2 9.2 0.9 9.6. 9.6 9.6 10.1 9.1 9.2 10.53 
14 9.0 9.2 9.4 9.0 9.6 9.0 9.7 10.4 9.3 9.4 10.0 
15 10.0 9.2 9. 8 9.3 1C.0 10. 1 10.0 10.0 9.6 9.8 11.2 
16 10.3 9.2 101 9-6 1003 10.3 10.1 11.3 9.L 10.0 11.4 
17 10.5 9.3 10.4 9.6 10.5 10.4 10.3 11.8 10.0 10.2 11.6 
18 10.6 904 10.6 946 10.6 10.6 10.5 12.0 10.1 10.5 11.7 

























rI 0 0 0 
204. 
LARGE AREA: 	Eli) 	 YEAR 1961 
ROUTE LO. 5Eb BLOCK: 7 
CODE 110. 15 16 20 22 23 24 25 26 27 28 29 
ChARACTER 
1 9.2 11.4 9.0 9.6 10.3 9.9 9.2 9.4 9.6 9.6. 9.7 
2 9.1 11.4 9.1 9.5 10.3 10.5 10.0 9.1 9.3 9.75 9.6 
3 9.8 11.1 8.95 9.3 10.1 10.2 9.75 8.95 9.1 9.55 9.4 
4 8.9 10.7 8.8 9.2 9.85 10.0 9.6 8.75 9.0 9.4 9.35 
5 8.8 .10.5 8.7 9.1 9.7 9.8 9.45 8.6 9.0 9.3 9.15 
6 8.75 10.3 8.8 9.0 9.55 9.6 9.4 8.5 9.0 9.15 9.1 
7 8.7 10.15 8.8 9.0 9.4 9.5 9.3 8.4 9.0 9.1 9.0 
8 8.7 10.0 8.8 9.0 9.3 9.4 9.3 8.3 9.1 9.0 9.0 
9 8.75 9.9 8.85 8.9 9.2 9.3 9.3 8.25 9.2 8.9 9.0 
10 8.8 9.9 8.9 8.9 9.2 9.35 9.4 8.2 9.3 8.9 9.05 
11 8.9 9.8 9.0 8.95 9.2 9.4 9.5 8.25 9.55 8.9 9.1 
12 9.0 9.9 9.25 9.0 9.3 9.45 9.55 8.3 9.75 9.0 9.15 
13 9.1 9.9 9.4 9.3 9.4 9.6 9.65 8.4 10.0 9.1 9.2 
14 9.3 10.0 9.7 9.55 9.55 9.8 9.8 8.6 10.3 9.25 9.3 
15 9.5 10.1 10.1 9.85 9.8 10.1 10.1 8.8 10.5 9.45 9.6 
16 9.7 10.2 10.5 10.2 10.0 10.35 10.3 9.0 10.8 9.6 9.8 
17 9.75 10.3 10.8 10.65 10.2 10.55 10.6 9.25 11.1 9.75 10.1 
18 9.95 10.6 10.9 10.85 10.3 10.7 10.85 9.4 11.3 9.95 10.25 
19 10.1 10.6 11.0 11.0 10.5 10.8 11.0 9.5 11.5 10.1 10.5 























0 r4 rl 0 0 0 
2050 
LARGE AREA: 	)IILLPORT (scoTLAND) 
CENTRORAIQES }iAMATUS 
CODE NO. 1 	2 	3 	4 	5 	6 	7 	8 	9 	10 
CHARACTER 
1 7.4 6.8 5.5 6.2 6.9 6.5 6.7 7.0 6.5 5.9 
2 7.35 6.8 5.45 6. 6.9 6.5 6.55 6.85 6.35 5.85 
3 74 6.8 5.5 6.25 6.85 6.5 6.55 6.8 6.35 6.0 
4 7.45 6.95 5.55 6.4 6.95 6.55 6.7 6.85 6.45 6.15 
5 7.6 7.15 5.75 6.6 7.1 6.7 6.9 .7.0 6.6 6.35 
6 7.75 7.4 6.0 6.85 7.3 6.9 7.15 7.25 6.9 6.65 
7 7.9 7.6 6.25 7.15 7.55 7.2 7.5 7.5 7.1 7.0 
8 8.1 7.8 6.55 7.35 7.85 7.45 7.8 7.8 7.4 7.35 
9 8.3 8.0 6.9 7.5 8.15 7.7 8.05 8.1 7.55 7.75 
10 8.5 8.1 7.2 7.75 8.5 8.0 	- 8.35 $.35 7.95 8.1 
11 8.7 8.3 7.5 7.95 8.8 8.25 8.65 8.65 8.2 8.45 
12 8.85 8.35 7.8 8.2 9.5 8.45 9.0 8.9 8.5 8.8 
13 9.15 8.45 8.0 8.4 9.5 8.6 9.3 9.1 8.8 9.15 
14 9.45 8.8 8.4 8.55 9.95 9.0 9.6 9.5 9.05 9.55 
15 9.7 8.8 8.75 8.75 10.5 9.15 9.8 9.5 9.3 9.95 
16 9.65 8.85 8.75 8.7 10.7 9.05 9.75 9.5 9.3 10.0 
17 9.7 8.85 8.7 8.7 10.9 9.05 9.85 9.5 9.35 10.1 
18 9.85 8.95 8.8 8.7 10.95 9.05 9.8 9.6 9.35 10.15 
19 9.9 8.95 8.85 8.75 11.05 9.0 9.75 9.65 9.35 1042 
NETAS OWE 





CODE NO. 1 2 3 4 5 6.. 7 8 9 10 
C}LRACTDR 
1 13.6 13.2 13.1  12.6 12.1 12.6 12.1 12.6 13.0 13.0 
2 10.95 11.55 10.9 11.1 10.7 11.2 11.05 10.75 11.55 1104 
3 8.95 10.1 9.4 9.65 9.5 10.0 10.05 9.35 10.15 10.15 
4 7.65 8.85 8,4 8.55 0.5 6.95 9.15 8.2 9.15 9.15 
5 6.85 7.95 7.6 7.65 7.85 8.25 0.45 7.4 0.45 8.4 
6 6.15 7.4 6.95 7.15 7.3 7.7 7.9 6.8 7.9 7.6 
7 6.65 6.9 6.45, 6.7 6.9 7.25 7.5 6.35 7.45 7.35 
8 5.25 6.55 6.1 6.3 6.55 6.95 7.3 6.05 7.05 6.9 
9 4.95 6.3 5.7 6.05 6.35 6.75 7.1 5.85 6.85 6.75 
10 4.7 6.05 5.5 548 6.3 6.55 7.05 5.7 6.65 6.55 
11 4.5 5.9 .4. 5.75 6.05 6.45 6.95 5.55 6.65 6.4 
12 4.5 5.85 5.35 5.0 6.05 6.4 6.95 5.55 •6.65 6.3 
13 4.45 5.9 5.35 5.7 6.1 6.45 6.95 5.55 6.7 6.3 
14 4.4 5.85 5.3 5.6 6.16 6.6 7.15 5.55 6.8 6.25 
15 4.4 5.9 5.35 5.55 6.2 6.7 7.15 5.6 6.85 6.4 
16 4.4 5.95 5.35 5.55 6.3 6.75 7.2 5.7 6.95 6.4 
17 .4.4 6,0 5.4, 5.5 6.3 6.8 7.3 5.75 7.05 6.45 
18 4.4 6.1 5.45 5.6 6.45 6.95 .7.45 5.85 7.25 6.55 
19 4.45 6.2 5.6, 5.55 6.5 7.05 7.55, 6.0 7.45 6.7 
TASO1E 









































































































KEY TO APPENDIX 40 
 Proz. C 
 Dist. a 
 Dist. b 








 Ed. (4) 
13 , Md.(5) 
14. id.(6) 
15. *  
16.. uxl(2) 
17. ' Nk(3) 
18., Uxl(4) 


















Rati &ita for 36 chacetore urod in the discriminant ern1ysia 





(. rMASOME CHARACTER 
N.. LENGTH 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
1 5.3 20 9 8 17 - - 20 - - - - - - 
2 5.4 22 11 10 21 - 22 - - - - - - - 
3 4.8 25 10 12 22 - -23-- - - - - - 
4 5.3 26 11 9 20 - - 26 - - - - - - - 
5.1 21 9 12 21 -. - 24 - - - - - - - 
6 5.7 24 13 12 25 - - - - - - - - 
7 5.4 209 817- -24-- - - - - - 
8 5.1 23 10 10 20 - - 27 - - - - - - - 
9 4.9 24 - - 18 - - 27 - - - - - - - 
10 5.4 219 916- -24-- - - - - - 
11 5.3 22- 9--- 27--j - - - - - 
12 5.3 22 7 9 16 - - 28 - - - - - - 
13 5.6 23 9 10 19 10 - 25 - 6 10 8 10 21 38 
14 5.1 23 10 10 20 9 12 26 29 5 10 6 10 20 30 
15 5.4 21 9 8 17 - 17 27 26 6 10 8 10 20 31 
16 4.7 20 9 10 19 8 16 21. 24 6 10 7 10 22 .32 
17 5.5 23 10 8 18 9 20 23 26 7 12 8 7 19 33 
16 4.9 20 10 9 19 9 18, 23 25 7 9 5 9 18 27 
19 4.9 - - - - 12 20 25 28 - - - - - - 
20 4.7 23 11 9 20 9 21 24 28 6 10 8 9 21 31 
21 4.6 20 9 9 18 9 16 21 - 5 10 6 10 20 28 
22 5.2 2110102091823-- - - - - - 
23 5.2 219 9 16 - 18 22 - 6108102131 
24 5.1 24 9 13 22 - 22 30 32 5 10 7 10 19 30 
25 5.1 19 9 9 18 8 16 18 21 6 10 9 10 21 30 
26 5.4 20 - 10 - 10 16 20 24 7 12 11 11 24 34 
27 5.4 18 9 10 19 8 18 23 29 5 . 	 10 8 10 20 29 
28 5.3 23 11 12 23 9 20 25 29 6 11 11 10 22 28 
29 5.4 20 11 10 21 11 17 23 28 6 11 8 10 21 30 
30 5.4 18 9 10 19 6 19 26 27 5 10 9 10 21 31 
31 5.2 17-.- -1121263061110102031 
32 .5.5 24 10 11 21 9 20 25 29 5 10 8 10 21 30 
33 5.1 21 10 12 22 9 18 25 27 5 11 9 10 22 30 
34 5.1 24 .11 II 22 10 19 24 - 5 10 9 10 19 2 9 
35 5.3 25 - 9 - 9 18 22 25 6 10 9 10 22 32 
36 4.7 21 10 10 20 10 19 26 26 9 10 6 9 10 29 
37 5.1 20 9 11 20 10 20 23 27 6 11 8 10 21 31 
33 5.1 23 10 9 19 10 16 23 28 5 11 9 10 20 30 
39 5.4 21 10 11 21 12 23 31 34 8 10 5 9 19 2 
40 5.3 24 11 6 19 - 17 23 26 5 11 8 10 22 33 
41 5.6 21 12 14 26 - - 25 33 6 12 9 12 24 33 
42 5.2 26 15 - - 9 20 27 28 5 10 10 10 21 30 
43 4.8 2110 818 8 17 26 27 - - - - - - 
44 5.2 23 10 10 20 9 17 23 26 - - - - - - 
45 5.0 22 10 11 21 10 18 22 28 5 9 7 10 20 28 
46 	. 5.3 25 11 11 22 9 17 23 28 6 9 9 10 19 29 
47 4.9 21 8 10 18 9 - 24 - 6 11 10 11 22 33 
48 5.2 2210 919 9 17 23 27 - - - - - - 
49 4.9 23 11 11 22 9 18 24 30 5 9 10 9 20 30 
50 5.1 21 10 9 19 11 18 22 24 6 11 10 11 22 33 
210. 
LWJ 0 	 t4&s4.6lAW 64181 
I 0. 1 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 
is-i 
3 .- - - — — —————-12934183759 
4 - - - - - - —12583193855 
5 - - - - - - - - - —14096203337 
6 - - - - - - - - 129 84 20 39 53 
7 - - - - - — -- - —12883213451 
8 - - - - - - - —-1338920332C 
9 — - - - - - —— — 125 84 19 35 53 
10 — — - - - - - - - —125841931.52 
U - - - - - - - — — - — 138 92 19 35 56 
12 — - - - - - - - - —13588193855 
13 34 38 30 34 30 37 45 41 52 - - 142 92 21 36 58 
14 32 36 29 30 27 32 35 - 47 - - 134 90 18 36 54 
15 32 36 30 35 29 32 35 38 45 79 97 130 87 16 33 51 
16 	. 35 40 31 33 29 31 40 30 47 79 97 - - - - - 
17 40 38 30 33 29 35 38 37 - 79 92 138 93 23 32 56 
18 - 33 35 33 - — - - 42 — 136 85 20 31 54 
19 34 36 32 33 31 35 37 31 — - - 124 83 20 32 50 
20 31 33 28 28 27 30 35 35 45 71 87 121 85 16 31 47 
21 - - - — - - - - — 123 84 17 30 50 
22 33 37 30 32 26 35 36 36 44 75 95 147 102 18 34 51 
23 30 34 27 31 30 32 35 37 45 74 89 - - - - - 
24 31 32 28 28 26 30 33 33 39 75 95 128 85 18 35 50 
25 32 37 26 32 28 34 35 35 48 76 93 130 90 19 34 50 
26 29 39 33 35 30 34 47 41 41 - - 135 88 18 36 55 
27 30 34 26 28 27 32 34 35 - 73 91 - - - 37 34 
28 33 37 29 30 29 33 38 39 43 76 94 141 97 20 38 50 
29 32 35 32 31 27 33 37 34 42 70 89 134 91 18 33 51 
30 32 55 30 31 27 32 35 38 43 70 86 138 92 18 39 53 
31 34 36 30 34 29 36 37 38 44 76 94 131 90 23 40 57 
32 33 36 29 30 27 33 34 29 45 72 91 131 94 16 33 52 
33 32 38 28 31 27 32 36 52 43 76 94 135 90 13 34 54 
34 29 32 29 29 28 30 34 35 39 - - 125 84 17 31 49 
35 36 39 31 31 29 32 34 35 43 70 89 128 87 13 31 53 
36 28 33 27 29 26 31 31 31 39 65 84 126 86 16 28 44 
37 34 35 28 30 28 29 34 33 42 70 90 124 84 16 39 50 
38 50 34 27 27 24 30 36 29 41 - - 120 85 18 32 45 
39 - - - 30 27 29 32 33 42 68 89 120 85 15 35 42 
40 34 38 32 29 33 — 39 36 46 - - 145 94 21 38 62 
41 36 40 30 34 31 35 e*0 38 48 78 97 141 94 22 32 56 
42 32 34 28 30 28 30 34 35 45 70 94 129 37 17 34 49 
43 32 35 29 31 27 32 33 41 45 75 92 117 80 19 . 30 48 
44 33 38 29 30 27 30 33 30 39 74 90 126 84 20 42 49 
45 31 35 27 30 27 31 35 33 42 73 90 133 91 16 37 50 
46 35 38 30 35 29 34 37 38 45 82 99 138 96 19 33 53 
47 32 36 27 29 27 39 34 33 42 - - 127 87 18 37 49 
43 33 35 30 31 29 32 35 - 46 73 91 133 90 20 33 53 
49 32 35 29 - 27 28 28 26 43 72 92 133 90 16 32 50 
50 - - - - - - - - - 76921328633255 
IcELAmIc 
oa. 
110. 	31 32 33 34 35 36 
1 
2 
3 145 32 30 65 23 63 
4 43 29 30 63 22 64 
5 472731762367 
6 42 28 30 61 20 65 
7 43 22 25 62 20 58 
8 554428642167 
9 41 25 26 60 20 62 
10 40 29 28 58 20 63 
11 43 29 38 66 21 70, 
12 42 26 30 65 2266 
13 47 27 29 68 21 70 
14 45 23 27 62 19 66 
15 43 24 2361 16 65 
16 - - - - - 
17 45 31 30 69 21 69 
18 42 22 29 64 21 63 
19 34 22 24 63 16 64 
20 39 24 24 59 18 62 
21 42 25 22 59 17 64 
22 42 24 23 62 18 63 
23 - - - - - - 
24 42 20 26 60 19 62 
25 39 27 26 61 20 , 65 
26 46 25 25 66 17 69 
27 46 24 25 63 18 66 
28 45 26 25 63 17 68 
29. 42 25 26 60 20 63 
30 44 23 27 63 17 64 
31 48 27 28 66 19 67 
32 45 22 24 62 17 62 
33 47 21 27 63 - - 
34 45 21 24 66 20 66 
35 46 23 27 61 17 66 
36 41 22 23 56 17 64 
37 43 26 26 61 17 64 
33 38 27 23 63 15 60 
39 35 26 22 56 15 58 
40 48 28 30 74 21 73 
41 47 35 31 6521 68 
42 40 21 .24 59 18 64 
43 40 25 24 60 18 60 
44 44 22 24 66 16 61 
45 43 25 26 59 16 60 
46 45 24 25 62 20 63 
47 42 25 23 62 17 61 
48 45 22 24 60 19 63 
49 42 21 24 61 18 61 
50 44 27 25 65 21 69 
21.2. 
0116. 	TAoI; I 	CHARACTER 
M. L"'. IqG 	1 2 3 4 5 6 7 8 9 10 11 12 13 14 
1 5.6 ----10--- 5 12 10 11 24 34 
2 5.4 - - - 8 18 - 26 4 10 9 10 20 30 
3 5.6 22 9 9 16 10 16 20 26 5 10 9 10 22 32 
4 4.9 2111102111182527 6 10 10 10 20 29 
5 4.9 - - - ' 81619223871020- 
6 5.4 20 11 9 20 12 18 22 26 6 11 9 11 23 31 
7 5.3 - - - - 10 20 22 25 6 12 10 11 23 34 
8 5.4 20 11 12 23 - 16 20 24 4 8 9 8 17 27 
9 5.3 21 - 11 - 10 19 21 23 5 12 8 11 22 32 
10 5.0 19 10 - - - - 20 24 4 10 9 8 10 29 
11 5.1 19108188----.- -- - - 
12 5.4 - - - - .9 - 23 .26 5 10 10 11 21 31 
13 6.0 22 12 12 24 10 18 21 23 6 15 8 12 24 35 
14 504 19 - - - 8 15 18 - 5 11 7 11 21 33 
15 5.3 28 - - ,- 12 17 22 28 6 10 7 9 18 30 
16 5,4 20 - - - 7 16 20 24 6 11 10 10 21 34 
17 5.3 21 10 13 23 10 18 22 26 5 10 7 9 19 29 
18 5,3 24 10 10 20 - 17 20 - 5 10 9 10 20 30 
19 5.0 ----9 18-26- - - - - 
20 5.9 21 - - 8 17 20 23 4 10 9 10 20 29 
21 5.5 - - - - 9 18 19 23 5 12 8 10 20 30 
22 4.7 -----161921----- - 
23 6.0 - - - 11 -212958991930 
24 5.7 - - - - - 17 21 28 7 10 9 9 20 31 
25 . 	5.4 - - - 10 15 18 24 4 10 8 9 19 28 
26 4.9 201212249171924599101928 
27 4.8 - - 10 16 23 .27 5 9 7 8 17 27 
28 5.1 25 - 15. 18 - 5 8 8 8 17 27 
29 5.7 - - 10 - 13 24 - 7 11 - - - 
30 5.2 - 9 17 - 5 9 6 9 19 30 
31 5.5 20 12 11 23 8 16 21 .26 5 11 8 9 20 30 
32 5.2 21 12 10 22 - 16 21 25 5 10 11 11 22 31 
33 5.4 22 8 10 18 .8 16 19 28 - - - - - 
34 5.4 1510 919- 192227-- - - - - 
35 5.9 - - 10192425------ 
36 5,3 22 10 12 22 - 16 21 23 6 10 7 10 20 31 
37 6.1 - - - 12 - - - 6 12 11 11 25 35 
38 5.9 - - .- - 9 19 22 28 6 11 10 10 22 33 
39 5.2 23 - - 19 9 18 23 .- 5 9 12 10 20 30 
40 6.4 -----202629------ 
41 4.9 19 7 11 18 9 17 22 24 5 10 9 9 18 26 
42 5.8 - - - - - 172121-138--- 
43 5.5 19-- 1610182123------ 
44 5.3 25 - 10 - 10 18 22 26 5 12 9 10 20 31. 
45 . 	 5.3 - - - - 10 17 21 26 6 12 10 10 23 33 
46 6.3 20 10 12 22 - - - - 7 13 11 12 25 36 
47 5.6 .22 10 11 21 - 15 21 25 - - - - - - 
48 5.2 22 - - - 10 17 23 25 - - - - - - 
49 5.4 23 - 10 - - - 22 - 5 10 9 10 20 31 
50 503 - - - - 9 16 21 .23 5 10 8 9 20 31 
213. 
1UYiRICAN 
ORG. - CHARACTER 
10. 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 
1 34 40 33 34 32 - 35 - 45 86 106 145 99 17 42 55 
2 35 38 33 29 35 - - - 46 80 100 145 96 20 35 57 
3 - - - - - - - - - 83 105 142 98 20 40 55 
4 29 37 30 31 28 31 37 37 44 78 97 128 84 17 48 52 
5 29 34 27 29 27 31 33 37 40 65 84.120, 79 17 35 49 
6 35 39 31 37 30 41 40 33 45 83 105 153 104 16 43 58 
7 35 38 33 34 32 34 37 38 49 83 103 145 97 19 42 56 
8 35 41 33 33 33 35 38 - 42 84 102 137 97 17 37 50 
9 33 35 31 36 30 31 35 32 45 60 100 141 98 20 39 53 
10 29 37 31 - 25 - - 36 41 72 90 126 87 17 35 50 
11 30 33 26 32 26 34 35 39 44 76 90 128 67 17 39 5. 
12 - - - - - - - - - 85 103 146 100 20 36 5' 
13 32 42 33 39 32 - 41 47 50 82 105 11 101 21 46 6 
14 36 40 34 33 30 34 39 48 80 97 142 97 21 36 '.$2 
15 37 36 29 33 28 34 37 37 44 77 92 132 89 18 57 
16 36 - 33 36 - - - - 48 83 103 153 102 21 41 € 
17 32 37 28 34 29 31 39 37 '43 35 106 147 96 13 45 5 
18 3' 41 35 36 30 56, 40 43 50 85 106 147 
96 
21 43 5Y 
19 - - - - - - - - - 72 91 126 89 15 38 50 
20 34 40 31 32 32 37 39 37 44 85 102 141 94 19 37 50 
21 31 39. 34 33 29 33 34 37 45 75 92 134 88 20 40 56 
22 28 29 25 27 23 - 30 - 34 66 87 117 84 15 35 4 
23 35. 41 32 37 32 37 39 37 44 82 104 154 108 21 42 5 
24 35 39 32 37 34 - 62 102 156 109 21 40 SC 
25 33 35 31 33 31 34 35 39 39 61 98 146 102 17 38 57 
26 32 34 30 30 27 31 33 35 43 75 92.137 94 16 36 51 
27 28 37 26 31 23 29 30 31 39 .71 86 121 82 16 31 51 
28 30 33 29 27 25 30 25 31 42 61 80 124 87 12 39 56 
29 31 39 31 32 30 36 40 34 50 78 97 146 102 15 43 54 
30 30 36 28 32 28 32 - - 43 74 93 142 99 18 37 53 
31 35 41 31 35 30 37 39 40 51 - - 148 102 19 40 56' 
32 33 36 - - - 33 36 37 45 - - 145 102 19 37 52 
33 35 33 30 - - - - - 41 81.101 144 112 16 39 46' 
34 34 38 32 37 31 41 40 41 49 87 108 150 105 18 40 37 
35 - - - - - - - - - 86 106 168 121 21 45 5 
36 34 37 29 34 29 35 39 - 46 82 103 148 106 15 45 57 
37 40 - 35 38 34 39 42 41 48 86 106 - - - 41 5 3 
38 39 31 36. 32 40 43 - 52 89 112 152 105 - 45 5• 
39 32 37 29 27 23 23 28 30 37 77 94 - - - 37 5 
40 40 43 34 37 32 3 37 44 52 89 111 - - 
- 4 6 
41 - - - - - - - -7191--- 3446 
42 33 39 28 31 26 31 33 40 45 77 98 155 109 17 47 54 
43 33 39 31 35 30 39 39 41 50 80 102 134 93 16 40 50 
44 - 40 32 35 - 39 46 80 100 143 103 17 41 55 
45 - - - - - - - - - 78 99 145 99 18 39 56 
46 35 - 37 35 32 36 37 38 41 85 110 158 110 20 42 56 
47 36 41 28 34 36 36 39 37 49 - 149 107 17 37 51 
46 28 31 28 32 27 35 38 40 42 75 94 136 93 17 41 5. 
49 35 38 35 34 32 34 - 39 50 82 101 133 90 18 38 51 
50 32 36 28 32 30 32 36 -. 46 77 92 145 101 16 38 54 
214. 
ORG. S CHARACTER 
!O. 31 32 33 34 35 36 
1 50 26 25 71 18 72 
2 48 25 27 70 20 69 
.3 48 25 23 71 18 70 
4 45 23 21 63 16 64 
5 41 22 22 60 16 61 
6 47 26 28 70 23 69 
7 49 21 25 67 17 70 
8 46 23 23 67 17 72 
9 48 24 23 68 28 66 
10 41 22 22 61 18 64 
11 43 24 21 64 16 67 
12 47 23 22 66 17 66 
13 54 32 30 77 24 78 
14 45 25 26 64 18 69 
15 47 30 27 64 18 66 
16 51 24 37 71 18 70 
17 47 27 24 66 18 67 
18 49 23 24 76 17 72 
19 46 19 21 66 16 62 
20 46 25 24 67 - - 
21 48 25 24 74 27 67 
22 43 18 20 60 15 60 
23 52 24 25 73 17 76 
24 50 25 27 72 18 72 
25 49 24.- - - - 
26 45 23 24 65 17 66 
27 42 22 26 64 17 67 
28 - 16---- 
29 4724 2479 1673 
30 4424---- 
31 51 28 26 76 18 71 
32 45 25 23 64 18 62 
33 45. 25° 20 69 16 71 
34 52 23 24 76 18 70 
35 53 26 28 78 20 75 
36 50 24 25 68 17 65 
37 47 29 28 75 17 75 
38 51 26 30 75 17 68 
39 47 20 20 68 16 63 
40 51 25 27 80 22 80 
41 41 20 20 61 16 63 
42 48 20 23 71 18 73 
43 49 22 23 40 16 67 
44 52 25 22 69 17 70 
45 47 26 22 70 15 64. 
46 52 23 28 79 22 83 
47 44 21 22 70 17 71 
48 46 21 24 64 18 61 
49 47 21 21 68 16 71 
50 50 23 23 60 19 67 
215; 
NORTH SEA 
ORG. I4ETASOME CHARACTER 
NO. LENGTH 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
1 5.5 15 12 10 22 - - - - 5 9 10 10 21 34 
2 4.9 19-- -11182224--,--- - 
3 5.5 178 8 16 11 21 26 29 410 9 10 29 31 
4 5.2 17 7 8 15 - 21 24 31 6 12 10 12 25 '37 
5 5.3 19 - 	 8 8 16 12 20 24 36 5 13 10 10 12 35 
6 4e9 16 8 10 18 12 22 26 33 6 '10 8 11 21 32 
7 5.5 20 8 9 17 11 - 25 30 4 9 9 8 18 29 
8 5.2 - - - -, - 17 23 29 5 10 9 10 21 32 
9 4.8 1910 818 - 16 20 26 - - - - - - 
10 5.2 18 9 9 18 11 21 29 32 5 11 10 10 21 32 
11 5.0 19 3 10 18 - 18 20 23 5 12 9 10 22 34 
12 4.9 18. 10 10 20 11 18 21 27 5 11 10 10 21 33 
13 4.9 15 8 8 16 11 17 22 26 4 9 11 9 19 31 
14 5.3 20 9 10 19 8 21 26 30 7 10 11 10 21 31 
15 4.8 19 8 9 17 9 20 24 34 5 9 7 8 19 30 
16 5.0 19 7 8 15 9 18 22 28 5 10 9 10 20 32 
17 4.4 15 7 7 14 10 16 19 22 5 10 9 9 21 30 
18 4.4 17 7 8 15 9 16 22 28 5 9 11 9 18 26 
19 4.8 19 8 9 17 12 19 .  26 28 7 10 12 10 21 30 
20 5.2 17 7 8 15 13 19 24 30 5 11 8 10 20 30 
21 4.8 19 9 7 16 8 24 25 33 4 8 7 7 16 27 
22 3.7 14 10 9 19 10 17 22 25 5 	. 9 10 9 19 25 
23 - 19 8 9 17 11 23 26 32 5 12 12 12 24 37 
24 5.2 19 10 8 18 8 18 23 29 - - - - - - 
25 4.7 18 7 8 15 9 17 22 27 .4 10 13 10 23 32 
26 5.3 19 9 10 19 10 19 24 26 5 10 8 10 20 30 
27 5.3 17 8 9 17 12 - 23 30 5 10 8 9 20 32 
28 4.9 19-- -11-243251010102131 
29 4.8 - - -' -. 12 18 21 29 5 11 10 11 20 30 
30 4.5 15 6 7 13 10 17 20 25 5 10 9 10 21 32 
31 4.7 18 7 7 14 12 20 24 30 6 11 10 10 21 31 
32 5.2 ----1019-295107102031 
33 5.0 20 9 9 18 10 17 21 28 6 10 10 10 20 30 
34 5.0 15 7 7 14 10 '16 20 26 6 . 12 11 10 23 33 
35 5.7 18 9 7 16 8 - 24 27 7 12 12 13 24 - 
36 4,4 19 8 10 18 11 21 24 29 6 12 10 11 22 33 
37 4.7 -----1925274 9891929 
38 5.0 18 7 8 15 - 17 20 24 5 11 7 10 20 31 
39 4.5 18 8 8 16 10 20 23 29 4 7 9 8 16 26 
40 4.4 22 8 8 16 9 20 25 29 4 7 10 8 17 25 
41 56 - - - - - - - - - - - - 
42 5.3 17 7 10 17 10 21 27 28 7 11 10 11 14 34 
43 5.5 18 9 9 18 11 16 21 26 4 10 10 10 21 33 
44 5,4 19 8 9 17 10 20 24 27 6 12 10 11 23 34 
45 5.1 19 8 7 15 14 21 26 34 6 10 11 10 24 36 
46 4.9 - - - - 11 19 22 25 6 11 10 10 21 32 
47 5.8. 17 8 9 17 - 19' 25 27 7 13 11 12 26 38 
48 4.9 19 9 11 20 11 19 22 26 6 12 9 11 22 34 
49 5.6 19 9 9 18 11 18 23 28 9 11 11 10 22 34 
50 5.0 15 7 8 15 10 16 21 28 6 11 10 10 22 34 
216. 
CHARACTER 
10. 	15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 
1 33 36 32 35 37 35 40 - 49 70 90 126 80 18 42 55 
2 32 36 29 29 27 34 37 31 43 76 96 136 93 17 43 
53 
3 38 37 30 30 30 32 33 - 41 75 94 134 90 17 41 51 
4 35 38 31 33 31 38 34 40 48 - - 126 83 16 41 48 
5 35 37 30 35 29 36 40 39 - 83 102 140 99 18 39 51 
6 32 35 30 30 28 29 33 31 42 71 91 130 86 16 38 50 
7 - - 31312930--- 728913289174051 
8 32 38 30 32 27 - . 36 43 73 91 128 86 17 41 51 
9 32 38 29 33 29 30 32 31 42 72 90 129 86 15 41 49 
10 32 36 32 31 29 33 34 28 41 75 95 131 87 20 
03 
55 
II 32 34 20 29 26 32 37 33 34 70 90 123 81 19 39 49 
12 35 36 28 29 27 31 33 33 42. 77 94 135 92 15 33 47 
13 31 33 27 30 28 34 36 36 44 73 91 125 84 16 40 51 
14 33 34 30 31 27 31 34 35 43 73 91 134 90 18 38 54 
15 32 35 27 30 27 30 22 32 41 73 90 122 85 17 36 47 
16 32 37 28 33 30 34 28 40 45 74 91 124 80 19 39 51 
17 33 34 26 29 26 29 32 31 41 69 88 127 91 15 33 46 
le 33 32 28 - 26 23 - - - 69 83 116 78 16 34 44 
19 34 37 29 31 29 34 39 - 44 75 101 129 84 18 38 50 
20 35 38 31 33 30 33 36 33 44 78 97 136 91 15 37 53 
21 29 36 27 30 31 33 - 31 42 71 85 118 79 15 33 47 
22 26 29 24 24 21 24 27 26 32 59 91 93 62 U 30 37 
23 - - - - - - - - 739513088204053 
24 29 38 30 30 33 34 41 40 50 80 93 120 83 17 35 48 
25 32 36 30 32 30 32 32 41 49 74 91 - - - - - 
26 32 36 30 32 29 32 34 34 46 77 97 135 92 15 40 56 
27 37 41 32 36 - - - 39 51 80 100 128 90 18 35 48 
28 31 35 29 30 28 34 34 34 .44 73 92 116 80 15 33 44 
20 29 33 27 29 25 30 31 33 39 70 86 122 80 16 38 49 
30 32 36 29 33 26 30 33 34 43 77 93 119 81 16 39 49 
31 -. 37 29 33 28 34 37 37 43 76 94 121 80 17 37 50 
32 31 34 27 30 27 31 - 34 42 7 10 20 31 31 34 27 
33 33 36 31 32 29 31 34 34 44 10 10 20 30 33 36 31 
34 31 39 32 33 29 36 38 38 46 11 10 23 33 31 39 22 
35 - - - - - - -121324---- 
36 33 38 31 33 31 35 36 36 46 10 11 22 33 33 38 31 
37 31 35 28 30 28 31 35 37 41. 8 9 19 29 31 35 28 
33 36 40 30 333 29 32 35 35 44 7 10 20 31 36 40 30 
39 23 33 25 27 25 30 31 - 39 9 8 16 26 28 33 35 
40 20 29 25 27 24 28 31 29 39 10 8 17 25 28 29 25 
41 38 40 - 36 32 35 39 38 48 - - - - 38 60 - 
42 3P 41 35 36 34 36 40 39 50 10 11 41 34 38 41 35 
43 33 
36 
32 34 31 17 40 42 51 10 10 21 33 38 36 32 
44 33 38 32 34 29 35 50 34 41 10 11 23 34 33 38 32 
45 36 38 31 37 33 35 37 - 49 11 10 24 36 36 38 31 
46 34 39 31 33 30 33 34 33 34 10 10 21 32 34 39 31 
47 39 43 35 36 34 35 39 42 51 11 12 26 38 39 43 35 
43 35 38 30 30 29 33 36 32 45 9 11 22 34 35 38 30 
49 42 40 33 36 31 35 41 - - 11 10 22 34 42 40 33 




0, 31 32 33 34 35 36 
1 47 23 25 64 17 65 
2 47 23 24 61 18 57 
3 46 23 23 63 16 63 
4 44 20 22 63 17 60 
5 48 24 24 65 18 62 
6 4323 23 59 16 57 
7 47 20 23 64 16 56 
0 43 25 20 61 - - 
9 42 .23 23 63 15 59 
10 43 26 24 63 17 64 
11 40 19 22 62 15 . 56 
12 41 20 20 62 15 59 
13 43 32 21 62 18 60 
14 43 22. 23 63 16 63 
15 44 21 22 62 17 58 
16 45 21 24 60 17 58 
17 42 19 20 59 16 50 
10 39' 19 22 52 15 53 
19 44 23 22 66 17 59 
20 46 26 26 64 15 63 
21 41 22 21 55 15 55 
22 35 15 - - - - 
23 48 23 22 60 17 60 
24 43 21 22 58 17 54 
25 - a - - 
26 48 25 23 69 18 66 
27 43 21 22 59 15 58 
23 40 19 20 55 15 51 
29 43 22 20 60 15 53 
50 40 22 21 61 19 57 
31 44 22 23 60 16 60 
32 44 22 23 60 16 61 
33 43 20 21 59 17 59 
34 45 23 23 63 16 63 
35 45 25 22 69 17 65 
36 41 19 20 57 14 54 
37 37 22 20 58 16 51 
38 50 25 20 63 15 58 
39 58 20 20 56 14 57 
40 40 21 20 60 17 58 
41 45 23 24 6 O 18 65 
42 47 23 25 66 16 67 
43 44 22 25 64 19 61 
44 46 25 23 66 16 63 
45 45 26 24 72 15 67 
46 43 25 24 64 18 61 
47 50 27 25 71 15 63 
48 44 21 21 59 17 55 
49 45 29 25 64 16 64 
50 	' 44 23 22 65 17 61 
218', 
pici 50 
QZPj4Q, 	 C. O 
c©to 1 2 3 4 5 6 7 8 9 10 
1 182 181 193 181 183 176 177 185 177 176 
2 32 34 31 31 32 34 33 29 31 40 
3 54 55 55 55 53 50 52 57 50 56 
4 127 136 143 123 124 125 130 131 117 120 
5 46 48 51 52 53 52 51 53 51 50 
6 77 06 83 73 84 76 81 S1 77 77 
1 113 110 127 112 110 107 112 112 115 114 
8 114 116 133 114 122 110 116 115 115 115 
9 33 42 46 40 42 41 42 33 41 39 
10 69 68 76 74 70 71 70 71 71 67 
11 30 32 31 30 26 27 27 27 28 28 
12 45 43 49 42 44 44 46 46 45 45 
13 43 48 51 49 48 56 50 50 50 54 
14 65 61 55 65 92 97 97 96 96 96 
15 96 91 91 100 57 56 60 61 70 55 
16 72 73 31 80 79 77 77 76 76 33 
17 92 09 55 85 79 77 80 35 80 33 
18 102 175 177 168 161 163 173 374 172 156 
19 73 73 76 73 72 63 76 63 73 73 
20 60 59 50 58 58 62 68 57 56 58 
21 65 68 65 60 61 55 63 62 64 67 
22 57 52 48 57 46 52 50 57 51 45 
23 21 21 20 23 24 24 19 23 21 23 
24 22 23 27 23 28 25 24 25 22 31 
25 26 27 26 25 28 23 26 24 25 23 
26 180 171 175 171 171 165 171 167 171 164 
2? 19 19 24 15 20 21 22 19 20 21 
26 22 22 21 22 22 19 22 26 23 27 
29 22 27 26 28 21 25 25 25 21 23 
30 73 74 81 72 74 74 73 71 75 77 
31 60 69 62 60 61 56 60 57 71 60 
57 59 54 62. 54 55 58 66 62 56 
33 60 51 60 55 51 54 47 48 54 43 
34 54 47 45 43 44 44 46 47 42 45 
35 83 82 37 82 79 82 80 86 30 33 
36 64, 62 69 68 72 61 67 66 63 76 
37 04 L/ 80 78 74 84 87 32 30 90 
33 21 23 23 22 22 22 22 23 21 20 
39 45 45 50 50 54 52 52 48 48 51 
40 153 160 2.66 164 164 154 167 161 157 150 
41 25 22 23 21 23 20 23 21 19 21 
42 42 47 43 44 46 43 45 44 47 45 
43 37 31 39 54 30 32 43 34 30 27 
naw data for 43 charactoro noaured on tho male fifth limbo of 
(i io) 	 (11 20) and 	 (21 30). 
For d000x'i$tion of the oharactoro oo agos 34 58 and iig. 43. 
2th 
RAW DATA (contd.) 
C. typicus. C. hamatus & C. chierchiae. 
Organisms 
Characters 11 12 13 14 15 16 17 18 19 20 
1 156 158 140 138 148 141 143 155 154 149 
2 35 34 32 30 35 30 26 31 33 32 
3 63 60 60 56 61 56 60 55 53 54 
4 106 112 112 115 118 124 127 127 127 124 
5 41 40 35 29 40 32 26 30 35 30 
6 86 86 79 72 88 78 86 63 80 96 
7 102 90 87 87 108 91 97 93 95 95 
8 114 101 94 96 119 100 109 109 103 107 
9 30 27 28 32 40 38 41 35 36 32 
10 47 49 47 46 49 48 50 53 52 56 
II 36 32 37 35 43 36 40 47 48 39 
12 63 67 59 62 71 63 61 69 72 67 
13 48 59 48 46 55 50 43 40 41 48 
14 38 41 42 37 44 37 35 39 36 41 
15 74 59 80 67 73 70 59 77 77 71 
16 68 66 64 66 71 58 	. 60 65 62 57 
17 65 70 70 66 .77 70 70 72 73 71 
18 176 168 159 162 175 161 161 170 161 173 
19 71 76 72 63 69 65 69 63 72 67 
20 58 59 58 •52 52 58 54 57 51 57. 
21 66 58 52 57 60 52 59 65 56 68 
22 47 31 51 48 46 47 45 54 49 52 
23 31 32 28 22 35 20 20 23 23 24 
24 33 32 23 28 35 28 28 28 28 28 
25 37 40 33 29 35 31 29 31 33 30 
26 155 148 159 149 164 151 157 155 143 163 
27 27 24 14 21 27 22 22 22 25 22 
28 3. 35 33 27 36 30 27 27 33 27 
29 39 40 30 33 35 28 29 33 34 37 
30 70 67 65 5i 60 61 64 61 60 66 
31 53 50 53 46 54 49 52 61 52 55 
32 63 65 64 57 69 63 58 59 63 63 
33 42 25 45 39 45 43 47 53 36 55 
34 37 40 36 36 47 38 40 41 37 39 
35 79 77 78 74 88 77 77 79 78 83 
36 62 64 59 50 58 53 53 56 57 53 
37 63 60 54 55 75 60 56 71 66 61 
58 23 22 23 10 25 18 20 18 17 25 
39 41 42 41 31 45 36 36 38 40 36 
40 151 146 142 129 161 145 152 159 147 158 
41 16 17 18 16 20 16 19 16 18 22 
4? 47 40 38 38 45 35 43 43 40 39 
43 33 37 37 32 44 33 32 43 34 34 
220... 
DATA (contd.) 
C. typicus, C. haxnas & C. chierchipe 
Organisms 
Characters 21 22 23 24 25 26 27 26 29 30 
1 290 294 299 277 296 325 287 326 320 297 
2 33 25 35 33 23 37 23 32 32 33 
3 63 65 69 60 65 69 68 79 68 50 
4 220 208 209 23 203 230 205 221 217 215 
5 54 60 66 53 62 68 63 70 76 64 
6 99 99 100 96 97 100 100 109 102 92 
7 112 111 113 106 111 115 112 109 120 124 
B 139 140 136 133 131 136 135 134 142 141 
9 40 39 42 41 40 35 38 40 40 37 
10 117 99 11]. 99 102 111 98 107 106 102 
11 56 40 50 37 29 30 30 28 35 27 
12 69 57 51 59 55 60 56 60 63 56 
13 55 59 66 51 57 .5 58 55 67 63 
14 68 63 63 63 62 67 64 68 75 71 
15 114 114 122 103 109 125 106 121 109 117 
16 70 87 96 05 90 102 88 97 97 85 
11 90 91 93 93 69 96 94 99 92 83 
16 192 186 192 166 180 190 185 196 196 162 
77 73 78 77 76 32 73 04 35 82 
2C 63 62 62 60 53 69 60 73 69 59 
22 70 70 74 Ui 72 74 72 72 75 72 
22 67 58 64 63 59 62 61 65 60 57 
23 22 21 27 24 22 23 26 21 24 26 
24 23 29 29 20 31 32 24 30 31 31 
25 26 32 35 27 31 32 30 32 36 33 
26 191 204 212 191 191 202 194 208 212 iCC 
21 18 20 24 20 24 25 25 26 27 25 
28 20 30 26 24 25 27 25 28 28 23 
29 29 29 31 29 20 31 30 45 24 39 
30 75 79 77 76 77 83 80 84 81 75 
31 63 57 36 60 35 66 61 65 63 59 
32 66 70 68 66 68 67 66 63 63 72 
33 70 74 78 72 62 71 73 72 87 55 
34 53 42 51 45 42 47 52 47 50 46 
35 90 92 94 69 92 91 89 97 93 06 
36 66 60 78 65 32 64 67 90 87 76 
37 99 99 104 105 88 94 97 97 95 101 
36 23 26 25 25 24 52 33 37 32 35 
39 51 42 68 56 65 65 65 76 77 70 
40 213 216 225 206 200 199 195 217 210 193 
41 26 24 21 26 22 24 24 24 26 23 
42 53 54 56 54 57 55 60 57 58 51 
43 43 44 48 46 42 46 43 39 57 42 
221. 
